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© PRODUCTION OF NUCLEOSIDE. 
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© This invention relates to a method of producing a nucleoside by reacting a base donor, a sugar residue 
donor, and a phosphate donor with one another in the presence of an enzymatic preparation containing a 
nucleoside phosphorylase to thereby form an N-glycoside linkage between a base portion of the base donor and 
a sugar residue portion of the sugar residue donor, characterized in that said enzymatic preparation containing a 
nucleoside phosphorylase is one based on the cells of at least one microorganism selected from among those 
belonging to thermophilic bacteria of the genus Bacillus and having a high nucleoside phosphorylase activity per 
unit weight of the cell. 



£L 
U4 



Xerox Copy Centre 



EP0 411 158 A1 



PROCESS FOR PRODUCING NUCLEOSIDES 



TECHNICAL FIELD 

This invention relates to a process for producing nucleosides by the use of an enzyme preparation 
containing nucleoside phosphorylase derived from thermophiles belonging to the genus Bacillus . 

5 

BACKGROUND ART 

As processes for producing nucleosides by reacting a saccharide residue donor such as nucleoside and 

w ribose 1 -phosphate enzymatically with a base donor, for example, there have been reported various 
processes for producing various purine nucleosides (Japanese Patent Publications Nos. 24475/1968, 
28954/1968, 28955/1968, 28956/1968, 11116/1970, 14957/1973, Japanese Laid-Open Patent Publications 
Nos. 71495/1980, 18599/1981, 142293/1981. 164793/1981, 166199/1981, 63393/1983, 94396/1983, 
170493/1983, etc.). processes for producing various pyrimidine nucleosides (Japanese Patent Publication 

75 No. 16478/1960, Japanese Laid-Open Patent Publications Nos. 102794/1981. 213397/1984, 239495/1985, 
etc.), and processes for producing other various nucleosides (Japanese Laid-Open Patent Publications Nos. 
29720/1975, 146593/1982, 190396/1983, 216696/1983, 143599/1984, 179094/1984, 213397/1984. 
120981/1985, 133896/1985, 31093/1988, 177797/1988, etc.). 

However, although these enzymatic processes for production of nucleosides are excellent as compared 

20 with chemical synthetic methods with respect to substrate specificity and steric selectivity inherent in 
enzymatic reaction, the activity of the enzyme has not been sufficient, and they have not been found 
satisfactory with respect to yield in all cases. 

Also, when the reaction is carried out at room temperature, lowering in yield which may be considered 
to be caused by contamination with bacteria is observed, and when the reaction is carried out at a higher 

25 temperature (e.g., 45 °C or higher) in order to avoid contamination, the enzyme gradually becomes 
deactivated, consequently leading to a marked lowering in yield. 

Generally speaking, synthesis of a compound will be brought about by inclination of the equilibrium 
between the formation reaction and the decomposition reaction toward the formation reaction. For this 
reason, for increasing the yield of the compound, it is important to promote the formation reaction and 

30 suppress the decomposition reaction, and this principle is not exceptional in the enzymatic process for the 
production of a compound. 

Also, if the reaction temperature is made higher, the reaction rate will become more rapid, whereby the 
reaction will be completed within a shorter time and the solubility of the substrate will also be enhanced, 
and hence it has the possibility of producing the objective product with good yield. 

35 When producing nucleosides by the use of nucleoside phosphorylase, for promoting the formation 
reaction of nucleosides, consideration must be taken from the two points of the activity of the enzyme itself 
to be used as a catalyst and the reaction conditions. Selection of the reaction conditions is no more than an 
auxiliary means for inducing the activity of the enzyme employed, and the drastic method for promoting the 
formation reaction to increase the yield of the objective compounds is to use nucleoside phosphorylase 

40 having excellent activity. 

The nucleoside phosphorylases of the prior art which have been used in the production of nucleosides 
are for the most part those prepared from microorganisms which can be easily cultured. However, when the 
activity of the enzyme is examined from the efficiency of the reaction, specific activity, heat resistance, 
yield of the objective compound, etc., those which have been used in the prior art have not always been 

45 satisfactory. 

On the other hand, concerning the enzyme which has been considered to participate in the decomposi- 
tion reaction of the production of nucleosides, for example, nucleosidase, the method of inhibiting the 
nucleosidase by means of the immobilization method using a photocurable resin has been reported 
(Japanese Laid-Open Patent Publication No. 253393/1987). This method is excellent, but when using 
so microorganism cells as an enzyme preparation, some microorganisms cannot be easily immobilized, thus 
the method lacks general purpose applicability. 

The present inventors have screened various microorganisms in order to discover enzymes of excellent 
activity which can be used for enzymatic production of nucleosides and consequently discovered a group of 
microorganisms containing a large amount of heat-resistant nucleoside phosphorylase having extremely 
high specific activity, and having high nucleoside phosphorylase activity per unit cell weight among 

2 
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thermophiles belonging to the genus Bacillus . 

In the prior art, nucleoside phosphorylase has been isolated and purified from Bacillus stearother- 
mophilus which is a thermophile belonging to the genus Bacillus and the enzymatic properties of the 
enzyme has been reported (see J. Biol. Chem., 244 , 3691-3697 (1969), Agric. Biol. Chem., 53 , 2205-2210 

5 (August 23, 1989), Agric. Biol. Chem,, 53 , 3219-3224 (December 23, 1989)). Also, a processor producing 
5-methyluridine or thymidine by using""microorganisrn cells of Bacillus stearothermophUus as an enzyme 
source has been reported (see Japanese Laid-Open Patent Publication No. 320995/1989 (published on 
December 27, 1989), Agric. Biol. Chem., 53 , 197-202 (January 23, 1989)). However, the nucleoside 
phosphorylases of the above-mentioned reports, although having the advantage of heat resistance, have low 

io specific activity and also low enzyme activity per unit cell weight and thus could not solve the problem of 
the prior art that no nucleoside can be efficiently produced. More specifically, when the yield of the 
nucleoside disclosed in Japanese Laid-Open Patent Publication No. 320995/1989 is represented in terms of 
its proportion relative to the base donor employed, it is at most around 30% (even if the reaction has 
occurred ideally, the yield of the objective product determined from the equilibrium constant of the enzyme 

15 reaction is 53 to 56%). 



DISCLOSURE OF THE INVENTION 

The present inventors have further studied the group of microorganisms found by the present inventors 
as mentioned above, containing a large amount of heat-resistant nucleoside phosphorylase having high 
specific activity, and having high nucleoside phosphorylase activity per unit cell weight, and consequently 
found that (1) the group of these microorganisms, while having both purine nucleoside phosphorylase and 
pyrimidine nucleoside phosphorylase having heat resistance and high specific activity in combination, 
contains no nucleosidase, or if any, exhibits very weak activity at the reaction temperature during the 
production of nucleosides (35 to 80'C), and that (2) by the use of the enzyme preparation containing the 
nucleoside phosphorylase derived from the cells of one or more kinds of the microorganisms in the 
enzymatic production of nucleosides, the objective nucleosides can be produced with good yield within a 
short time only by a small amount of the enzyme, whereby the present invention has been accomplished. 

More specifically, the present invention concerns, in a process for producing nucleosides by carrying 
out the reaction of a base donor, a saccharide residue donor and a phosphoric acid donor by the use of an 
enzyme preparation containing nucleoside phosphorylase, thereby forming an N-glycosidic bond between 
the base moiety of the base donor and the saccharide moiety of the saccharide residue donor, the 
improvement which comprises using, as the enzyme preparation containing nucleoside phosphorylase, a 
preparation derived from the cells of one or more kinds of microorganisms belonging to thermophiles of the 
genus Bacillus and having high nucleoside phosphorylase activity per unit cell weight. 

In the present specification, "nucleosides" refer to nucleosides existing in nature such as uridine, 
thymidine, cytidine, adenosine and guanosine, and also include various nucleoside analogs. 

Also, the present invention concerns the above-mentioned enzyme preparation itself, the novel microor- 
ganism to be used for preparation of said enzyme preparation, and the novel nucleoside phosphorylase 
prepared from said microorganism which can be used for the production of nucleosides. 



BRIEF DESCRIPTION OF THE DRAWINGS 

45 

Fig. 1 is a graph indicating the optimum pH and the stable pH range of the purine nucleoside 
phosphorylase of the present invention. 

Fig. 2 is a graph indicating the optimum temperature and the stable temperature range of the purine 
nucleoside phosphorylase of the present invention, 
so Fig. 3 is a graph indicating the optimum pH and the stable pH range of the pyrimidine nucleoside 
phosphorylase of the present invention. 

Fig. 4 is a graph indicating the optimum temperature and the stable temperature range of the 
pyrimidine nucleoside phosphorylase of the present invention. 

Fig. 5 is a graph indicating a comparison of the formation ratio of 1-0-D-ribofuranosyl-l,2,4-triazole-3- 
55 carboxamtde (ribavirin) relative to the reaction time when ribavirin is produced by the use of the cells of 
Bacillus stearothermophilus TH6-2 or Brevi bacterium acetlicum AT-6-7 as an enzyme source. 
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BEST MODE FOR PRACTICING THE INVENTION 



I. Enzyme preparation containing nucleoside phosphorylase 



The "enzyme preparation containing nucleoside phosphorylase" of the present invention (hereinafter 
called "enzyme preparation") refers to a preparation containing at least one, preferably both, of purine 
nucleoside phosphorylase and pyrimidine nucleoside phosphorylase. 

The "the degree of enzyme purity" means the proportion of the enzyme protein amount in the total 
10 protein amount. 

The enzyme preparation of the present invention can be prepared from the microorganisms having high 
nucleoside phosphorylase activity per unit cell weight (hereinafter called "the microorganisms of the present 
invention") among the microorganisms belonging to thermophiles belonging to the genus Bacillus, specifi- 
cally moderate thermophiles such as Bacillus acidocaldarius, Bacillus schlegeli and Bacillus stearother- 

15 mophilus . 

As nucleoside phosphorylase activities for selection of the microorganisms, for example, the following 
values may be mentioned as a measure: 

purine nucleoside phosphorylase 10 or more U/g-wet cells, preferably 12 or more U/g-wet cells 
pyrimidine nucleoside phosphorylase 10 or more U/g-wet cells, preferably 15 or more U/g-wet cells 
20 The microorganism which satisfies one of these two conditions can be used as a preparation source for 
the enzyme preparation to be used in the process of the present invention, and the microorganism which 
satisfies the above two conditions at the same time is preferable as a preparation source for the enzyme 
preparation. 

Specific examples of preferable microorganisms satisfying such conditions are Bacillus stearother- 
25 mophilus TH6-2, P-21, P-23, etc. (all are strains isolated from soil on the grounds of Yamasa Shoyu K.K.). 
The bacteriological characteristics of the TH6-2 strain which is the most representative among such strain 
group are shown below. 



3o Bacteriological characteristics of TH6-2 : 

(A) Morphological Characteristics 

(1) Shape and size of cell: Short rod, 0.6-1.1 x 2-7 ^m 

(2) Formation of spores: Positive 

35 (3) Swelling of sporangium: Positive 

(4) Site and size of spores within cell: At the terminal or the center; 0.8 x 0.8-1.0 /im 

(5) Gram staining: Gram variable (Gram-positive in the initial stage of cultivation) 

(B) Cultural Characteristics on Various Culture Media 

(1) Broth agar (Bouillon-agar) slant medium: Abundant growth, smooth surface, opaque, no medium 
40 change 

(2) Broth agar (Bouillon-agar) plate medium: Circular colony formation, thinly spread, exhibiting 
viscous property, opaque, wavy at the brim 

(3) Litmus-milk medium: No growth 

(C) Physiological Properties 

45 (1) Growth in the presence of oxygen: Grown 

(2) Growth in the absence of oxygen: Not grown 

(3) Catalase: Positive 

(4) V-P test: Negative 

(5) Methyl red test (pH in V-P broth): < pH 6 
so (6) Hydrolysis: Casein: Negative 

Gelatin: Positive 
Starch: Positive 

(7) Utilization of citric acid: Positive 

(8) Reduction of nitrate: Positive 
55 (9) Formation of indole: Negative 

(10) Requirement of sodium chloride or potassium chloride: Negative 

(11) Formation of acids from saccharides: 
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Positive: glucose, arabinose, xylose, fructose, maltose 
Negative: starch, glycerol, sucrose, raffinose 

(12) Growth at respective pH's: 

Grown at pH 6.8, not at pH 5.7 

(13) Growth in the presence of sodium chloride: 

in the presence of 2% NaCI: Grown 
in the presence of 5% NaCI: Not grown 

(14) Growth range: 
Growth pH range: 6.5 to 9.0 

Growth temperature range: 35 to 65° C 

(15) Growth in the presence of glucose: 

Not grown in the presence of 0.5% or more of glucose 
By referring these bacteriological characteristics to the classification standards of Sergey's Manual of 
Systematic Bacteriology (Eighth Edition), the above microorganism was found to belong to Bacillus 
stearothermophilus and designated as Bacillus stearothermophilus TH6-2. P-21 and P-23 were also found to 
exhibit the same bacteriological characteristics. TH6-2 has been deposited with the Fermentation Research 
Institute, Agency of Industrial Science and Technology in conformity with the Budapest treaty, and has been 
given FERM BP-2758 as the deposition number. This international deposition was based on the transfer- 
ence made on February 16, 1990 from FERM P-10526 deposited domestically at the above depository on 
February 4, 1989. 

TH6-2, P-21 and P-23 all belong to Bacillus stearothermophilus , and can be distinguished clearly from 
known microorganisms in having very high nucleoside phosphorylase activity per unit ceil weight and 
containing substantially no nucleosidase. For example, the comparison test of pyrimidine nucleoside 
phosphorylase and purine nucleoside phosphorylase activities per unit cell weight among known Bacillus 
stearothermophilus microorganisms stored at American Type Culture Collection (ATCC) and the above 
microorganisms of the present invention gave the results as shown in Table 1. From Table 1. it can be seen 
that the nucleoside phosphorylase activities per unit cell weight of TH6-2. P-21 and P-23 are all higher by a 
little less than 2-fold for purine nucleoside phosphorylase activity and by a little more than 6-fold for 
pyrimidine nucleoside phosphorylase activity as compared with the enzyme activities exhibited by the 
strains known in the art. Specifically, the present microorganisms were found to exhibit purine nucleoside 
phosphorylase activity and pyrimidine nucleoside phosphorylase activity per unit cell weight of 13 - 15 U/g- 
wet cells and 20 - 22 U/g-wet cells, respectively. 
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Table 1 
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Thus, the microorganisms of the present invention were found to satisfy sufficiently the selection 
standards of nucleoside phosphorylase activity as described above and be useful as a preparation source of 
the enzyme preparation to be used for the production of nucleosides. 

For verifying this fact, ribavirin was produced and the formation ratio of the objective compound was 
compared among the present microorganisms and known strains. As a result, as shown in Table 2, while 
formation ratios were 90% or more when all of the microorganisms of the present invention were employed, 
the formation ratio of known microorganisms was only 40% at the highest, whereby was confirmed that the 
microorganisms of the present invention are extremely useful as an enzyme source for the production of 
nucleosides. 
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Table 2 



e 
o 


Microorganism 


Formation Ratio of 
Ribavirin (%) <Ratio 
Relative to 1, 2,4-Triazole- 
3-Carboxamide> 


10 


Microorganisms of the 








present invention 










(TH-6-2) 




95.0 




it 


(P-21) 




95.0 


15 


it 


(P-23) 




94.1 




ATCC 7953 






3.8 




8005 






30.3 


20 


10149 






11.7 




12016 






44.4 




" 12976 






8.0 


25 


12978 






43.5 


" 12980 






0 




15952 






39.0 




21365 






37.6 


30 


29609 






4.1 



35 



40 



45 



In the comparison test as described above, the cells of microorganisms were prepared in the same 
manner as in Example 1 described below, and purine nucleoside phosphorylase activity and pyrimidine 
nucleoside phosphorylase activity were assayed according to the methods as also described below. On the 
other hand, ribavirin was produced by adding 10 ml of a suspension of microorganisms with equal cell 
weight (containing 200 mg as wet cells) to 10 ml of a substrate solution (aqueous solution of pH 6.0 
containing 40 mM 1 t 2,4-triazole-3-carboxamide, 60 mM uridine, 40 mM potassium dihydrogenphosphate) 
and stirring the mixture at 50* C for 24 hours. After the above reaction, the reaction mixture was centrifuged, 
the supernatant was diluted to 50 to 100-fold, and this was subjected to the HPLC method (column: YMC A- 
312 (manufactured by Yamamura Kagaku Kenkyusho, K . K. ), eluent: 0.15 M potassium dihydrogen- 
phosphate solution, detection: absorbance at 220 nm) for the measurement of the amount of ribavirin 
formed. 

The formation ratio was determined from the following formula: 



50 



Formation ratio (%) 

Concentration of ribavirin formed (M) 

Concentration of 1, 2, 4-triazole-3- 
carboxamide used (M) 



x 100 



The enzyme preparation of the present invention can be prepared by culturing a microorganism 
belonging to the microorganism group of the present invention and processing suitably the microorganism 
55 cells obtained by the cultivation according to a use mode corresponding to use purpose. 

As a medium for culturing the microorganism, those containing appropriate amounts of carbon sources 
and nitrogen sources assimilable by the microorganism, and containing also, if necessary, metal salts, trace 
amount growth promoting substances, defoaming agents, etc. added therein are employed. More specifi- 
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cally, examples of the medium components are saccharides (glucose, saccharose, etc.), natural carbohy- 
drates (molasses, waste molasses, starch, wheat, bran, rice, etc.), alcohols, fatty acids, hydrocarbons, etc., 
and as nitrogen sources, meat extract, yeast extract, soybean hydrolyzate, Casamino acid, various amino 
acids, urea, etc., as inorganic salts, phosphates, hydrochlorides and sulfates of metals such as zinc, iron, 
5 magnesium, sodium, calcium, potassium, etc., and as trace amount growth promoting substances, vitamin 
Bi, vitamin B2, pantothenic acid, and biotin. 

Cultivation is carried out according to a conventional liquid^culture method (shaking culture, aeration 
stirring culture, stationary culture, continuous culture, etc.). 

The cultural conditions depend on the microorganism and the culture medium employed, and thus 
10 cannot be specified. Generally, the pH at the initiation of culture is adjusted to 6.5 to 9.0, and cultivation is 
carried out until the desired enzyme activity can be amply obtained under the temperature condition of 
about 35 to 65° C, specifically for about 5 to 50 hours. 

The mode of the enzyme preparation prepared by the use of the culture broth containing viable 
microorganisms thus obtained (hereinafter called cultured product) is not particularly limited, but, for 
15 example, the cultured product itself of the microorganisms, the viable microorganism cells separated from 
the cultured product by a conventional separation method (centrifugation, precipitation, agglutination, 
washing, etc.), or the treated product of the cells may be mentioned. 

Further specific examples of the treated product of viable cells are the destroyed products of viable 
cells and the viable organisms with the cell walls and/or the cell membranes having been denatured 
20 obtained by treatment of the viable cells by the treatment methods used in general such as mechanical 
destruction (by Waring blender, French press, homogenizer, crucible, etc.), freezing and thawing, drying 
(freeze drying, air drying, acetone drying, etc.), autolysis (by solvent treatment with toluene, ethyl acetate, 
etc.), enzyme treatment (by cell wall dissolving enzyme such as lysozyme), sonication, osmotic pressure 
shock and chemical treatment (with solution of salts, acidic solution, alkaline solution, surfactant, chelating 
25 agent, etc.); or crude enzyme or purified enzyme obtained by fractionating the fractions having enzyme 
activity and further treating the extracted fractions, if necessary, according to the general enzyme 
purification methods (salting out, isoelectric point precipitation, organic solvent precipitation, various 
chromatographies, dialysis) to fractionate the fractions having the desired enzyme activity of the present 
invention. 

30 Such a cultured product, viable microorganism cells and treated product may be used in the free state 
without applying immobilization treatment thereto, or may be used as an immobilized product obtained by 
an immobilization treatment such as entrapping, crosslinking or adsorption. 

A specific example of the purified enzyme which is one form of the treated product of cells is the 
nucleoside phosphorylase obtained by extraction/purification from Bacillus stearothermophilus TH6-2 
35 belonging to the microorganism group of the present invention having enzymological properties as 
described below. 

(A) Purine nucleoside phosphorylase 

(1) Action 

Purine Nucleoside + Phosphoric Acid 
40 ±* Purine Base + Pentose 1 -Phosphate 

The purine nucleoside phosphorylase of the present invention catalyzes the above 
phosphorolysis. For this reason, it belongs to the International Enzyme Classification E.C.2.4.2.1. 

(2) Substrate specificity 

The results of phosphorolysis of various purine nucleoside substrates are shown in Table 3. 

45 
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Table 3 
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0 


Inosine 


2.55 


100 


2 1 -Deoxyinosine 
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o- 


Guanosine 


2.15 


84 


2 1 -Deoxyguanosine 


2.18 


85 



From Table 3, it can be seen that the purine nucleoside phosphorylase of the present invention is 
specific for inosine, ^-deoxyinosine, guanosine and 2'-deoxyguanosine within the range tested. 

(3) Optimum pH and pH stability 

The optimum pH is pH 7 to 8, and the stable pH range is pH 5 to 9 (see Fig. 1). 

(4) Optimum temperature and temperature stability 

The optimum temperature is 60 to 80 °C, and the stable temperature range is up to 60 C (see 
Fig. 2). 

(5) Molecular weight 

The molecular weight measured by SDS-polyacrylamide gel electrophoresis is about 45,000. 

(6) Titre (specific activity) 

At 80% of enzyme purity, the specific activity of 400 or more (U/mg) is exhibited, and at 90% of 
enzyme purity, 450 (U/mg). 
(B) Pyrimidine nucleoside phosphorylase 

(1) Action 

Pyrimidine Nucleoside + Phosphoric Acid 
25 Pyrimidine Base + Pentose 1 -Phosphate 

The pyrimidine nucleoside phosphorylase of the present invention catalyzes the above 
phosphorolysis. For this reason, it belongs to the International Enzyme Classification E.C.2.4.2.2. 

(2) Substrate specificity 

The results of phosphorolysis of various pyrimidine nucleoside substrates are shown in Table 4. 
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Table 4 
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From Table 4, it can be seen that the pyrimidine nucleoside phosphorylase of the present 
invention is specific for uridine, 2'-deoxyuridine, ribofuranosyl thymine, thymidine within the range 
tested. 

(3) Optimum pH and pH stability 

The optimum pH is pH 7 to 9, and the stable pH range is pH 5 to 9 (see Fig. 3). 

(4) Optimum temperature and temperature stability 

The optimum temperature is 60 to 70 °C, and the stable temperature range is up to 60 °C (see 
Fig. 4). 

(5) Molecular weight 

The molecular weight measured by SDS-polyacrylamide gel electrophoresis is about 31,000. 

(6) Titre (specific activity) 

At 80% -of enzyme purity, the specific activity of 250 or more (U/mg) is exhibited, and at 90% of 
enzyme purity, 297 (U/mg). 
The above enzymatic properties were assayed according to the methods described below. 

1 . Assay of activity: 

Purine nucleoside phosphorylase activity 

into 1.0 ml of a substrate solution (aqueous solution of pH 8.0 containing 20 mM inosine and 0.1 M 
potassium dihydrogenphosphate) is added 20 /il of an enzyme solution (50 mM acetate buffer (pH 6.0) 
containing 1 ^g of purified enzyme), and the reaction is carried out at 50* C for 10 minutes. Then the 
reaction is stopped by addition of HCI to a final concentration of 0.1 N, and also cooling at 0°C for 10 
minutes. Next, the reaction is subjected to centrifugation, and the supernatant obtained is then subjected 
to the HPLC method (column: YMC A-3I2 (manufactured by Yamamura Kagaku Kenkyusho, K.K.), eluent: 
20 mM Tris-HCI buffer (pH 7.5) containing 5.0% acetonitrile, detection: 260 nm) to quantitate the 
hypoxanthine formed. The enzyme amount forming 1 ^mol of hypoxanthine per one minute is defined as 
one unit ("IT). 

Pyrimidine nucleoside phosphorylase activity 

Except for using uridine in place of inosine in the substrate solution and quantitating uracil according 
to the HPLC method, the same method as in the above-described assay of purine nucleoside 
phosphorylase activity is conducted. The amount of enzyme forming 1 ^mol of uracil per one minute is 
defined as one unit. 

2. Substrate specificity: 

By the use of an aqueous solution of pH 8.0 containing 10 mM of a nucleoside and 50 mM of 
potassium dihydrogenphosphate as a substrate solution, the reaction is carried out at 50 - C for 10 
minutes, and after the reaction, except for quantitating the base of the nucleoside according to the HPLC 
method, the same method as in the assay of purine nucleoside phosphorylase activity is conducted. 

3. Optimum pH: 
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The same method as in the assay of purine nucleoside phosphorylase activity is conducted except 
for using a substrate solution prepared by dissolving a nucleoside (20 mM inosine or uridine) and 0.1 M 
potassium dihydrogenphosphate, and adjusting to pH 4 to 10 with a diluted aqueous solution of 
hydrochloric acid or sodium hydroxide. 

4. Stable pH: 

Except for using an enzyme solution incubated in a 0.2 M acetate buffer (pH 3.5 to 6) and a Tris-HCI 
buffer (pH 7 to 9) at 37 °C for 16 hours, the same method as in the assay of either purine nucleoside 
phosphorylase activity or pyrimidine nucleoside phosphorylase activity is conducted. 

5. Optimum temperature: 

Except for carrying out the reaction at the respective temperatures of 30 to 80 C. the same method 
as in the assay of either purine nucleoside phosphorylase activity or pyrimidine nucleoside 
phosphorylase activity is conducted. 

6. Stable temperature range: 

Except for using an enzyme solution heated at 30 to 80 -C for 15 minutes, the same method as in 
the assay of either purine nucleoside phosphorylase activity or pyrimidine nucleoside phsophorylase 
activity is conducted. 

The characteristics of the enzyme obtained from the microorganism of the present invention as 
described above is that it has optimum temperature and stable temperature ranges at relatively higher 
temperatures and also has a markedly high specific activity. Therefore, by the use of a preparation 
containing an enzyme having such characteristics for the production of nucleosides, the amount of the 
enzyme preparation to be used for the reaction can be made small, whereby the nucleosides can be 
prepared with good yield by the use of a small amount of enzyme. Further, since the reaction can be 
carried out at a relatively higher temperature (45 *C or higher), contamination with bacteria can be also 
prevented. 



II. Production of nucleosides 

The production of nucleosides by the use of the enzyme preparation as described above can be 
practiced by carrying out in a reactor the contact reaction of a base donor, a saccharide residue donor and 
a phosphoric acid donor as described below with the enzyme preparation. 
(1) Base donor 

The base donor to be used in the process of the present invention is a compound which can supply 
a base into the reaction system. The base donor to be used is selected according to the objective 
nucleoside, examples being heterocyclic bases and derivatives thereof capable of forming an N- 
glycoside bond with the saccharide moiety of the saccharide residue donor through the action of 
nucleoside phosphorylase. Specific examples of heterocyclic bases are purine and derivatives thereof, 
pyrimidine and derivatives thereof, triazole and derivatives thereof, imidazole and derivatives thereof, 
deazapurine and derivatives thereof, azapyrimidine and derivatives, or pyridine and derivatives thereof. 
As the base donor, heterocyclic bases themselves as a matter of course, and also nucleosides and 
nucleotides having said heterocyclic bases may be employed. 

Specifically, examples are purine derivatives having substituents at 1 or more positions of the 1- 
position, 2-position. 6-position or 8-position of the purine base (e.g., amino group, substituted amino 
group, hydroxyl group, oxo group, mercapto group, acyl group, alkyl group, substituted alkyl group, 
alkoxyl group and halogen atom), such as adenine, guanine, hypoxanthine, xanthine, 6-mercaptopurine, 
6-thioguanine, N 6 -alkyl or acyladenine, 2-alkoxyadenine, 2-thioadenine and 2,6-diaminopurine; pyrimidine 
derivatives having the same substituents as mentioned above at 1 of more positions of the 2-position, 4- 
position or 5-position of pyrimidine, such as cytosine, uracil, thymine, 5-halogenouracil (5-fluorouracii and 
5-iodouracil), 5-halogenocytosine (5-fluorocytosine), 5-trihalogenomethyluracil (5-trifluoromethyluracil), 2- 
thiocytosine, 4-thiouracil, N 4 -acy1cytosine and 5-halogenovinyluracil; 1 ,2,4-triazole derivatives having a 
substituent at the 3-position of 1 ,2,4-triazole, such as 1 ,2,4-triazole-3-carboxamide, 1 ,2.4-triazole-3- 
carboxylic acid and 1 ,2,4-triazo1e-3-carboxy1ic acid alkyl ester; imidazole derivatives having substituents 
at the 4-position or 5-position of imidazole, such as 5-amino-imidazole-4-carboxamide, 4-carbamoyl- 
imidazolium-5-oleate and benzimidazole; deazapurine derivatives at the 1 -position, 3-position or 7- 
position of purine, such as 1 -deazadenine, 3-deazadenine, 3-deazaguanine, 7-deazadenine, 7- 
deazaguanine. or compounds having the same substitutes as in the above-mentioned purine derivatives; 
azapurine derivatives such as 8-azadenine and 7-deaza-8-azahypoxanthine (allopurinol); azapyrimidine 
derivatives such as 5-azathymine, 5-azacytosine and 6-azauracil; pyridine derivatives such as 3- 
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deazauracil, nicotinic acid and nicotinic acid amide. 
(2) Saccharide residue donor 

The saccharide residue donor is for supplying a saccharide residue into the reaction system. That is, 
the saccharide residue donor is selected according to the objective nucleoside, and ribose compounds 

5 and deoxyribose compounds capable of forming an N-glycosidic bond with the base moiety of the base 
donor through the action of nucleoside phosphorylase are examples. Examples of ribose compounds are 
ribonucleosides such as inosine, guanosine, uridine and ribofuranosylthymine, and ribose 1 -phosphate, 
while examples of deoxyribose compound are deoxynucleosides such as 2'-deoxyinosine, 2*-deox- 
yguanosine, 2 , -deoxyuridine. thymidine, 2\ 3'-dideoxyinosine, 2\3' -dideoxyguanosine, 2' ,3'-dideox- 

10 yuridine and 3'-deoxythymidine, and 2-deoxyribose 1-phosphate and 2,3-dideoxy ribose 1 -phosphate. 

When as an enzyme preparation, a preparation other than a purified enzyme is to be used, in 
addition to the saccharide residue donor mentioned above, ribose compounds such as adenosine, 
cytidine and xanthosine, and deoxyribose compounds such as 2'-deoxyadenosine, 2'-deoxycytidine and 
2'-deoxyxanthosine can be further used. 

J5 (3) Phosphoric acid donor 

As the phosphoric acid donor, any compound dissociable into phosphate ions in the reaction mixture 
may be used. For example, free phosphoric acid or phosphates (e.g., alkali metal salts such as sodium 
and potassium, and ammonium salts) are preferably used. Also, as the phosphoric acid donor, a system 
capable of liberating phosphate ions in the reaction mixture, for example, combinations of various 

20 phosphoric acid ester derivatives and phosphatase, combinations of nucleotides and nucleotidase can 
also be utilized. 
(4) Reaction conditions 

As the reaction mixture, a mixture containing a base donor, a saccharide residue donor and a 
phosphoric acid donor dissolved or suspended in water or a buffer is employed. By bringing the reaction 
25 mixture into contact with the enzyme preparation as described above, the nucleoside corresponding to 
the base donor employed is produced enzymatically. 

The concentrations of the base donor, the saccharide residue donor and the phosphoric acid donor 
employed are suitably selected from the range of 0.1 to 500 mM. 

The reaction generally proceeds well at a temperature ranging from 35 to 80 *C, but particularly a 
30 reaction temperature of about 40 to 70 °C is preferred. If the reaction temperature is 35 °C or less, the 
reaction rate is sjow and gives rise to poor reaction efficiency. On the other hand, at a reaction 
temperature of 80° C or higher, there is the risk of the nucleoside phosphorylase activity being lowered. 

The pH of the reaction mixture is generally maintained in the range of pH 5 to 10, preferably pH 5 to 
9. When the pH changes during the reaction, it may be corrected to a preferable pH range by the use of 
35 an acid or an alkali. 

After the reaction, the reaction mixture is separated from the enzyme preparation and subjected to 
the separation/purification step of the objective nucleoside. 

The nucleoside thus formed can be separated and purified according to a known method or its 
modified method. For example, various chromatographies such as ion exchange chromatography, 
40 adsorption chromatography, partition chromatography and gel filtration; the methods utilizing partition 
between two liquid phases such as countercurrent distribution and countercurrent extraction; and 
the methods utilizing difference in solubility such as concentration, cooling and organic solvent addition, 
either alone or in a suitable combination thereof can be used. 

45 

Examples 

The present invention will now be described in specific detail with respect to the following Examples 
and Comparative Examples. 

50 

Example 1 

Into 500 ml of a sterilized medium (pH 7.0) containing 0.5% of yeast extract (Difco), 1.0% of peptone 
55 (Difco). 0.7% of meat extract (Difco) and 0.3% of sodium chloride was inoculated Bacillus stearother- 
mophilus TH6-2 (FERM BP-2758), and shaking culture was carried out at 50° C for 18 hours! 

The culture broth obtained was centrifuged, and the microorganism cells were collected and washed, 
and the sterilized water was added to prepare 250 mi of a cell suspension. To each 10 ml of aliquot of the 
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cell suspension was added 10 ml of a substrate solution (pH 6.0) containing a 40 mM base donor, a 40 mM 
saccharide residue donor and 40 mM potassium dihydrogenphosphate, and the reaction was carried out 
under stirring at 40 to 60* C. 

After the reaction, the amounts of various nucleosides were assayed by high performance liquid 
5 chromatography (column: YMC A-312 (manufactured by Yamamura Kagaku Kenkyusho, K.K.), eluent: 20 
mM Tris-HCl buffer (pH 7.5) containing 2.5 to 5% acetonitrile, detection: absorbance at 250 - 260 nm). 

Concentration of 

nucleoside formed (M) 

Formation ratio %) = - — * 100 

w Concentration of base 

donor used (M) 

The results are shown in Table 5. 
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Example 2 

By using a substrate solution (pH 6.0) containing 20 mM allopurinol as the base donor, 30 mM uridine 
as the saccharide residue donor and 75 mM potassium dihydrogenphosphate, the reaction was carried out 
in the same manner as in Example 1 at '60* C for 8 hours to produce a ribofuranosyi derivative of allopurinol 
in a yield of 95% (ratio relative to allopurinol). 



Example 3 

By using a 20 mM base donor (allopurinol, benzimidazole, 6-mercaptopurine, purine. 6-thioguanine), a 
is 30 mM saccharide residue donor (uridine. 2 , -deoxyuridine) and 30 mM potassium dihydrogenphosphate, the 
reaction was carried out in the same manner as in Example 1 at 50* C for 8 hours to produce ribofuranosyi 
derivatives or ^-deoxyribofuranosyl derivatives bearing various base donors as the base. The results are 
shown in Table 6. 



Table 6 



25 


Base Donor 


Saccharide 
Residue Donor 


Formation Ratio (%) 
(Ratio Relative to 
Base) 




Allopurinol 


Uridine 


80 




it 


2 '-Deoxyuridine 


97 


30 


Benzimidazole 


Uridine 


75 




it 


2 ' -Deoxyuridine 


86 




6-Mercaptopurine 


Uridine 


50 


35 


» 


2 1 -Deoxyuridine 


43 




Purine 


Uridine 


94 




n 


2 '-Deoxyuridine 


65 


40 


6-Thioguanine 


Uridine 


9 




ii 


2 1 -Deoxyuridine 


65 



Example 4 

By using a substrate solution (pH 6.0) containing 40 mM 1,2,4-triazole-3-carboxamide {hereinafter called 
"triazole") as the base donor, 40 mM uridine, inosine, cytidine, adenosine or guanosine as the saccharide 
residue donor and 40 mM potassium dihydrogenphosphate, ribavirin was produced in the same manner as 
in Example 1 . The results are shown in Table 7. 
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Table 7 



5 


Saccharide 
Residue Donor 


Reaction Conditions 


Formation Ratio (%) 
(Ratio Relative to 

•L J. 1<3 J 


Temperature 
<°C) 


Time 
(hr) 


10 


Uridine 


60 


4 


94.2 




Inosine 


67 


48 


83.6 




Cytidine 


50 


24 


92.9 


15 


Adenosine 


67 


24 


72.7 




Guanosine 


67 


24 


98.4 



Concerning cytidine and adenosine, the nucleoside phosphorylase of the present invention does not 
recognize them as the substrate, and therefore it may be considered that they may be converted by co- 
existing deaminase to uridine and inosine, respectively, which are then utilized as the substrate. 



Example 5 

By using a substrate solution (pH 6.0) containing 40 mM triazole as the base donor, 60 mM inosine as 
the saccharide residue donor and 40 mM potassium dihydrogenphosphate, reactions were carried out in the 
same manner as in Example 1 at respective reaction temperature (40 to 70 °C) for 24 hours to produce 
ribavirin. The results are shown in Table 8. 

Table 8 



Reaction Temperature 
(°C) 


40 


50 


60 


63 


65 


67 


70 


Formation Ratio (%) 
(Ratio Relative to 
Triazole) 


37.0 


58.0 


71.7 


73.7 


76.0 


78.7 


77.9 



45 Example 6 

A culture product obtained in the same manner as in Example 1 was centrifuged to obtain viable cells. 
Next, 2.0 g of the viable cells were suspended in 1.0 ml of a 0.1 M Tris-HCI buffer (pH 7.0), and the above 
cell suspension was added into a separately prepared resin solution containing 0.08 g benzoin ethyl ether 
50 as a photopolymerization initiator added into 8.0 g photocurable resin (ENT-2000: Kansai Paint K.K.). After 
thorough mixing, the mixture was cast onto a transparent film, which was irradiated with rays at around 360 
nm simultaneously on both the front and back surfaces of the film for 3 minutes to obtain a photopolymer. 

From the immobilized product, a portion containing 0.2 g of cells was sampled, broken into pieces, and 
the above immobilized product was introduced into 10 ml of a substrate solution (pH 6.0) containing 40 mM 
55 triazole, 40 mM uridine and 60 mM potassium dihydrogenphosphate. Ribavirin was produced while stirring 
the mixture at 60 * C for 8 hours. 

As a result of assay of the formation ratio according to the HPLC method as described above, the 
formation ratio of ribavirin relative to triazole was found to be 90%. 
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Further, when the reaction was carried out repeatedly 10 times, the formation ratio of ribavirin was 
maintained at 90% and no lowering in enzyme activity was observed. 



s Example 7 

Into the cultured product obtained similarly as described in Example 1 were added triazole, uridine or 
inosine, and potassium dihydrogenphosphate each to the final concentration of 40 mM, and further shaking 
culture was carried out at 50 *C (when using uridine) or 65* C (when using inosine) for 24 hours. After 
w cultivation, the centrifuged supernatant was subjected to the assay of the formation ratio of ribavirin by the 
HPLC method, and consequently the formation ratio of ribavirin when using uridine was found to be 91.9% 
in terms of the ratio relative to triazole, and 65.9% when using inosine. 



/5 Example 8 



Preparation of purified enzyme 

20 Bacillus stearothermophilus TH6-2 was inoculated from a bouillon slant into a large test tube containing 
10 ml of a medium adjusted to pH 7.2 containing 1.0% peptone, 0.7% meat bouillon, 0.5% yeast extract 
and 0.3% sodium chloride and cultured overnight at 50 °C. The cultured product obtained was transferred 
into a flask of 300 ml volume containing 30 ml of a medium of the same composition and the same pH, 
cultured at 50* C for 8 hours, and by the use of the cultured product as the seed culture, the whole amount 

25 was added into a jar fermenter of 5-liter volume containing 3 liters of the above-mentioned medium. Then 
cultivation was carried out under the conditions of 50* C, stirring speed of 350 r.p.m., and aeration of 1.0 
v.v.m. for 18 hours. From the culture broth thus obtained, about 30 g of wet cells were obtained, which were 
suspended in 1.5 liters of a 50 mM Tris-HCI buffer (pH 7.2) containing 0.1% Triton X-100 (Sigma) and 5 
mM EDTA. 750 mg of lysozyme (Sigma) was added, and the mixture was incubated at 37* C for one hour. 

30 The lysis solution was centrifuged at 8,000 r.p.m., and the cell residue was removed. Thereafter the mixture 
was adjusted to pH 6.0 with the addition of 2N HCI and subjected to a heat treatment at 50 *C for 5 
minutes, followed by centrifugation at 8,000 r.p.m. to obtain a supernatant as the crude enzyme solution. 

The crude enzyme solution was fractionated according to salting out by using ammonium sulfate, and 
the protein precipitates at 40% to 90% saturation were dissolved in a 50 mM acetic acid-sodium acetate 

35 buffer (pH 6.0) and diaiyzed overnight against a large amount of the same buffer. The internal solution 
obtained was centrifuged to remove the precipitates formed during dialysis. The supernatant was passed 
through a DEAE Toyopearl column (Toso K.K.) (2.2 x 60 cm) equilibrated with the above-mentioned acetate 
buffer (hereinafter referred to as buffer A), and the proteins adsorbed were eluted by the linear gradient 
method of 0 to 0.5M sodium chloride (by using buffer A), and the purine nucleoside phosphorylase fraction 

40 and the pyrimidine nucleoside phosphorylase fraction were respectively recovered. The respective active 
fractions were diaiyzed against buffer A and column chromatographed according to the same procedures as 
described above by the use of 20 ml of DEAE Toyopearl resin in a 25 ml volume syringe (Terumo K.K.), 
and the respective active fractions were recovered. Next, these active fractions were respectively subjected 
to gel filtration by the use of Toyopearl HW-55S (Toso K.K.) column (2.4 x 80 cm) equilibrated with buffer A 

45 to recover both enzymes as substantially uniform purified preparations. 

The protein amounts, the total activities and the degree of enzyme purity of the active fractions during 
the purification process of the both enzymes are shown in Table 9, 

The degree of enzyme purity was determined according to the method in which the relative proportions 
of the respective bands were measured by measuring the electrophoresis pattern obtained by the SDS- 

50 polyacrylamide gel electrophoresis by means of a densitometer. 
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Comparative Example 1 

From each slant of Brevibacterium acetylicum AT-6-7 (ATCC 39311) and Bacillus stearothermophilus , 
TH6-2, the microorganism was inoculated into a large test tube containing 10 ml of a medium (containing 
1% peptone, 0.7% meat extract, 0.3% sodium chloride, 0.5% yeast extract, pH 7.2), and respectively 
subjected to shaking culture at 28* C (in the case of AT-6-7) and at 50* C (in the case of TH6-2) for 18 
hours, followed by centrifugal separation of the respective culture broths to separate the microorganism 
cells. After washing cells of the same wet weight were each suspended in 10 ml of deionized water. 

Into each of the cell suspensions was added 10 ml of a substrate solution containing 0.4 mM triazole, 
0.4 mM uridine and 0.4 mM potassium dihydrogenphosphate (adjusted to pH 7.0 in the case of AT-6-7, pH 
6.0 in the case of TH6-2), and the reaction was carried out under stirring in a closed system at 45 C or 
65 °C. Sampling was performed periodically to measure the formation ratio of ribavirin according to the 
HPLC method as described above. 

The results are shown in Fig. 5. As is apparent from Fig. 5, when the enzyme preparation prepared 
from the microorganism of the present invention is used, it has been found that the objective compound can 
be produced in an even shorter time than AT-6-7 which was an extremely excellent enzyme preparation 
source, and the amount of the enzyme preparation used can be made smaller. 

As described above, the enzyme preparation containing the nucleoside phosphorylase of the present 
invention contains a large amount of nucleoside phosphorylase having high specific activity and heat 
resistance, is derived from the cells of one or more kinds of microorganisms of the microorganism group 
belonging to thermophiles of the genus Bacillus having high nucleoside phosphorylase activity per unit cell 
weight, and by the use of such enzyme preparation for the production of nucleosides, a very useful method 
which has the following specific features and is rich in practical applicability can be provided. 

(1) A large amount of nucleoside phosphorylase with high specific activity is contained in the enzyme 
preparation, and when it is employed in the production of nucleosides, nucleosides can be produced in a 
good yield with a small amount of the enzyme. 

(2) Nucleoside phosphorylase with optimum temperature and stable temperature ranges in a relatively 
higher temperature region is contained in the enzyme preparation. For this reason, the reaction can be 
carried out at a high temperature, whereby deactivation of the enzyme, decomposition of the reaction 
product, etc. due to contamination with bacteria can be suppressed. 

(3) A preparation containing both enzymes of purine nucleoside phosphorylase and pyrimidine 
nucleoside phosphorylase as the nucleoside phosphorylase can also be obtained. By the use of such 
preparation for the nucleoside production, for example, the two enzymes will act concomitantly as shown 
in the reaction scheme shown below, whereby nucleosides can be produced at a rate of 2-fold or more 
as compared with the enzyme preparation containing only one nucleoside phosphorylase. 
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(Purine nucleoside phosphorylase) 



5 



Saccharide residue 
donor (purine nucleo 
side) 



saccharide residue 
donor ~ 



Saccharide moiety of 



10 



Purine base 



75 



(Pyrimidine nucleoside 
phosphorylase) 



Pyrimidine nucleoside 



20 



Pyrimidine base 

25 Also, the microorganism of the present invention can grow at a relatively higher temperature, resulting 
in a rapid growth rate, and contains a large amount of the enzymes suitable for the nucleoside production 
as described above in the cells obtained by cultivation. Therefore it is extremely useful as an enzyme 
preparation or a preparation source therefor to be used for the nucleoside production. 

Further, by the use of the cultured product of the microorganism as an enzyme preparation of the 

30 present invention, autolysis of the cells can be prevented. 

Also, the nucleoside phosphorylase obtained by the microorganism of the present invention as 
described above has specific features of high specific activity and optimum temperature and stable 
temperature ranges in a relatively higher temperature region, and therefore can be clearly distinguished 
from the known .nucleoside phosphorylases. Also, by using such an enzyme for the production of 

35 nucleosides, the effects (1) and (2) as described above can be obtained. In addition, by using both of the 
enzymes of purine nucleoside phosphorylase and pyrimidine phosphorylase of the present invention, the 
above effect (3) can be exhibited. 



40 UTILIZABILITY IN INDUSTRY 

The process for producing nucleosides of the present invention uses an enzyme preparation derived 
from the cells of a microorganism belonging to thermophiles of the genus Bacillus containing a large 
amount of heat-resistant nucleoside phosphorylase having high specific activity, and having high nucleoside 
45 phosphorylase activity per unit cell weight, as an enzyme source for the production of nucleosides, and is 
an extremely practical method which can produce objective nucleosides in a good yield with a small 
amount of the enzyme. 



1. In a process for producing nucleosides by carrying out the reaction of a base donor, a saccharide 
residue donor and a phosphoric acid donor by the use of an enzyme preparation c ntaining 
nucleoside phosphorylase, thereby forming an N-glycosidic bond between the base moiety of the 
base donor and the saccharide moiety of the saccharide residue donor, the improvement which 
comprises using, as the enzyme preparation containing nucleoside phosphorylase, a preparation 
derived from the cells of one or more kinds of microorganisms belonging to thermophiles of the genus 
Bacillus and having high nucleoside phosphorylase activity per unit cell weight. 
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2. The process for producing nucleosides according to Claim 1 which comprises using, as the enzyme 
preparation, a preparation derived from the microorganism cells having nucleoside phosphorylase 
activity per unit cell weight satisfying at least one of the following conditions: 

(1) 10 or more U/g-wet cells of purine nucleoside phosphorylase activity; and 
5 (2) 10 or more U/g-wet cells of pyrimidine nucleoside phosphorylase activity. 

3. The process for producing nucleosides according to Claim 1 which comprises using, as the enzyme 
preparation, a preparation derived from the microorganism cells having nucleoside phosphorylase 
activity per unit cell weight satisfying at the same time the following conditions: 

to (1) 10 or more U/g-wet cells of purine nucleoside phosphorylase activity; and 

(2) 10 or more U/g-wet cells of pyrimidine nucleoside phosphorylase activity. 

4. The process for producing nucleosides according to any of Claims 1, 2, or 3 which comprises using, as 
the enzyme preparation, a preparation derived from the cells of moderate thermophiles of the genus 

is Bacillus . 

5. The process for producing nucleosides according to any of Claims 1, 2, or 3 which comprises using, as 
the enzyme preparation, a preparation derived from Bacillus stearothermophilus microorganism cells. 

20 6. The process for producing nucleosides according to any of Claims 1 , 2, or 3 wherein the form of the 
enzyme preparation is a cultured product of the microorganism, viable microorganism cells, or a treated 
product of microorganism cells. 

7. A microorganism having nucleoside phosphorylase activity per unit cell weight satisfying at least one of 
25 the following conditions: and 

(1) 10 or more U/g-wet cells of purine nucleoside phosphorylase activity; and 

(2) 1 0 or more U/g-wet cells of pyrimidine nucleoside phosphorylase activity. 

8. A microorganism having nucleoside phosphorylase activity per unit cell weight satisfying at the same 
30 time the following conditions: 

(1) 10 or more U/g-wet cells of purine nucleoside phosphorylase activity; and 

(2) 10 or more U/g-wet cells of pyrimidine nucleoside phosphorylase activity. 
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9. The microorganism according to Claim 7 or 8 which belongs to thermophiles of the genus Bacillus . 

10. The microorganism according to Claim 7 or 8 which belongs to moderate thermophiles of the genus 
Bacillus . 

11. The microorganism according to Claim 7 or 8 which belongs to Bacillus stearothermophilus . 

12. Purine nucleoside phosphorylase having the following properties: 

(1) Temperature stability: stable even upon heating at 60 *C for 15 minutes; and 

(2) Specific activity: 400 or more (U/mg) at 80% of enzyme purity. 

45 13. Pyrimidme nucleoside phosphorylase having the following properties: 

(1) Temperature stability: stable even upon heating at 60* C for 15 minutes; and 

(2) Specific activity: 250 or more (U/mg) at 80% of enzyme purity. 
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SCOPE OF CLAIM : 

1. In a process for producing nucleosides by 
carrying out the reaction of a base donor, a saccharide 
residue donor and a phosphoric acid donor by the use of 
an enzyme preparation containing nucleoside 
phosphorylase, thereby forming an N-glycosidic bond 
between the base moiety of the base donor and the 
saccharide moiety of the saccharide residue donor, the 
improvement which comprises using, as the enzyme 
preparation containing nucleoside phosphorylase, a 
preparation derived from the cells of one or more kinds 
of microorganisms belonging to thermophiles of the genus 
Bacillus and having high nucleoside phosphorylase 
activity per unit cell weight* 

2. The process for producing nucleosides according 
to Claim 1 which comprises using, as the enzyme 
preparation a preparation derived from the microorganism 
cells having nucleoside phosphorylase activity per unit 
cell weight satisfying at least one of the following 
conditions: 

(1) 10 or more U/g-wet cells of purine 

nucleoside phosphorylase activity; and 

(2) 10 or more U/g-wet cells of pyrimidine 
nucleoside phosphorylase activity. 

3. The process for producing nucleosides according 
to Claim 1 which comprises using, as the enzyme 
preparation, a preparation derived from the microorganism 
cells having nucleoside phosphorylase activity per unit 
cell weight satisfying at the same time the following 
conditions : 

(1) 10 or more U/g-wet cells of purine 
nucleoside phosphorylase activity; and 

(2) 10 or more U/g-wet cells of pyrimidine 
nucleoside phosphorylase activity. 
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4. The process for producing nucleosides according 
to any of Claims 1, 2, or 3 which comprises using, as the 
enzyme preparation, a preparation derived from" the cells 
of moderate thermophiles of the genus Bacillus , 

5. The' process for producing nucleosides according 
to any of Claims 1, 2, or 3 which comprises using, as the 
enzyme preparation, a preparation derived from Bacillus 
stearothermophilus microorganism cells. 

6. The process for producing nucleosides according 
to any of Claims 1, 2, or 3 wherein the form of the 
enzyme preparation is a cultured product of the 
microorganism, viable microorganism cells , or a treated 
product of microorganism cells. 

7. A microorganism having nucleoside phosphorylase 
activity per unit cell weight satisfying at least one of 
the following conditions: and 

(1) 10 or more U/g-wet cells of purine 
nucleoside phosphorylase activity; and 

(2) 10 or more U/g-wet . cells of pyrimidine 
nucleoside phosphorylase activity. 

8. A microorganism having nucleoside phosphorylase 
activity per unit cell weight satisfying at the same time 
the following conditions: 

(1) 10 or more U/g-wet cells of purine 
nucleoside phosphorylase activity; and 

(2) 10 or more U/g-wet cells of pyrimidine 
nucleoside phosphorylase activity. 

9. The microorganism according to Claim 7 or 8 
which belongs to thermophiles of the genus Bacillus . 




10. The microorganism according to Claim 7 or 8 
which belongs to moderate thermophiles of the genus 
Bacillus . 

11. The microorganism according to Claim 7 or 8 
which belongs to Bacillus stearothermophilus . 

12. Purine nucleoside phosphorylase having the 
following properties: 

(1) Temperature stability: stable even upon 
heating at 60°C for 15 minutes; and 

(2) Specific activity: 400 or more (U/mg) at 80% 
of enzyme purity, 

13. Pyrimidine nucleoside phosphorylase having the 
following properties: 

(1) Temperature stability: stable even upon 
heating at 60°C for 15 minutes; and 

(2) Specific activity: 250 or more (U/mg) at 80% 
of enzyme purity. 
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Des ription 

TECHNICAL FIELD 

5 This invention relates to a process for producing nucleosides by the use of an enzyme preparation containing 

nucleoside phosphorylase derived from thermophiles belonging to the genus Bacillus . 

BACKGROUND ART 

10 As processes for producing nucleosides by reacting a saccharide residue donor such as nucleoside and ribose 

1 -phosphate enzymatically with a base donor, for example, there have been reported various processes for producing 
various purine nucleosides (Japanese Patent Publications Nos. 24475/1968, 28954/1968, 28955/1968, 28956/1968, 
11116/1970, 14957/1973, Japanese Laid-Open Patent Publications Nos. 71495/1980, 18599/1981, 142293/1981, 
1 64793/1 981 , 1 661 99/1 981 , 63393/1 983, 94396/1 983, 1 70493/1 983, etc. ), processes for producing various pyrimidine 
15 nucleosides (Japanese Patent Publication No. 16478/1960, Japanese Laid-Open Patent Publications Nos. 
102794/1981, 213397/1984, 239495/1985, etc.), and processes for producing other various nucleosides (Japanese 
Laid-Open Patent Publications Nos. 29720/1975, 146593/1982, 190396/1983, 216696/1983, 143599/1984, 
179094/1984, 213397/1984, 120981/1985, 133896/1985, 31093/1988, 177797/1988, etc.). 

However, although these enzymatic processes for production of nucleosides are excellent as compared with chem- 
20 ical synthetic methods with respect to substrate specificity and steric selectivity inherent in enzymatic reaction, the 
activity of the enzyme has not been sufficient, and they have not been found satisfactory with respect to yield in al I cases. 

Also, when the reaction is carried out at room temperature, lowering in yield which may be considered to be caused 
by contamination with bacteria is observed, and when the reaction is carried out at a higher temperature (e.g., 45°C 
or higher) in order to avoid contamination, the enzyme gradually becomes deactivated, consequently leading to a 
25 marked lowering in yield. 

Generally speaking, synthesis of a compound will be brought about by inclination of the equilibrium between the 
formation reaction and the decomposition reaction toward the formation reaction. For this reason, for increasing the 
yield of the compound, it is important to promote the formation reaction and suppress the decomposition reaction, and 
this principle is not exceptional in the enzymatic process for the production of a compound. 
30 Also, if the reaction temperature is made higher, the reaction rate will become more rapid, whereby the reaction 

will be completed within a shorter time and the solubility of the substrate will also be enhanced, and hence it has the 
possibility of producing the objective product with good yield. 

When producing nucleosides by the use of nucleoside phosphorylase, for promoting the formation reaction of 
nucleosides, consideration must be taken from the two points of the activity of the enzyme itself to be used as a catalyst 
35 and the reaction conditions. Selection of the reaction conditions is no more than an auxiliary means for inducing the 
activity of the enzyme employed, and the drastic method for promoting the formation reaction to increase the yield of 
the objective compounds is to use nucleoside phosphorylase having excellent activity. 

The nucleoside phosphorylases of the prior art which have been used in the production of nucleosides are for the 
most part those prepared from microorganisms which can be easily cultured. However, when the activity of the enzyme 
40 is examined from the efficiency of the reaction, specific activity, heat resistance, yield of the objective compound, etc., 
those which have been used in the prior art have not always been satisfactory. 

On the other hand, concerning the enzyme which has been considered to participate in the decomposition reaction 
of the production of nucleosides, for example, nucleosidase, the method of inhibiting the nucleosidase by means of 
the immobilization method using a photocurable resin has been reported (Japanese Laid-Open Patent Publication No. 
45 253393/1 987). This method is excellent, but when using microorganism cells as an enzyme preparation, some micro- 
organisms cannot be easily immobilized, thus the method lacks general purpose applicability. 

The present inventors have screened various microorganisms in order to discover enzymes of excellent activity 
which can be used for enzymatic production of nucleosides and consequently discovered a group of microorganisms 
containing a large amount of heat-resistant nucleoside phosphorylase having extremely high specific activity, and hav- 
50 ing high nucleoside phosphorylase activity per unit cell weight among thermophiles belonging to the genus Bacillus . 

In the prior art, nucleoside phosphorylase has been isolated and purified from Bacillus stearothermophilus which 
is a thermophile belonging to the genus Bacillus and the enzymatic properties of the enzyme has been reported (see 
J. Biol. Chem., 244, 3691-3697 (1969), Agric. Biol. Chem., 53, 2205-2210 (August 23, 1989), Agric. Biol. Chem., 53, 
321 9-3224 (December 23, 1 989)). Also, a process for producing 5-methyluridine or thymidine by using microorganism 
55 cells of Bacillus stearothermophilus as an enzyme source has been reported (see Japanese Laid-Open Patent Publi- 
cation No. 320995/1989 (published on December 27, 1989), Agric. Biol. Chem., 53, 197-202 (January 23, 1989)). 
However, the nucleoside phosphorylases of the above-mentioned reports, although having the advantage of heat re- 
sistance, have low specific activity and also low enzyme activity per unit cell weight and thus could not solve the problem 
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of the prior art that no nucleoside can be efficiently produced. More specifically, when the yield of the nucleoside 
disclosed in Japanese Laid-Open Patent Publication No. 320995/1989 is represented in terms of its proportion relative 
to the base donor employed, it is at most around 30% (even if the reaction has occurred ideally, the yield of the objective 
product determined from the equilibrium constant of the enzyme reaction is 53 to 56%). 

5 

DISCLOSURE OF THE INVENTION 

The present inventors have further studied the group of microorganisms found by the present inventors as men- 
tioned above, containing a large amount of heat-resistant nucleoside phosphorylase having high specific activity, and 

io having high nucleoside phosphorylase activity per unit cell weight, and consequently found that (1 ) the group of these 
microorganisms, while having both purine nucleoside phosphorylase and pyrimidine nucleoside phosphorylase having 
heat resistance and high specific activity in combination, contains no nucleosidase, or if any, exhibits very weak activity 
at the reaction temperature during the production of nucleosides (35 to 80°C), and that (2) by the use of the enzyme 
preparation containing the nucleoside phosphorylase derived from the cells of one or more kinds of the microorganisms 

is in the enzymatic production of nucleosides, the objective nucleosides can be produced with good yield within a short 
time only by a small amount of the enzyme, whereby the present invention has been accomplished. 

More specifically, the present invention concerns, in a process for producing nucleosides by carrying out the re- 
action of a base donor, a saccharide residue donor and a phosphoric acid donor by the use of an enzyme preparation 
containing nucleoside phosphorylase, thereby forming an N-glycosidic bond between the base moiety of the base 

20 donor and the saccharide moiety of the saccharide residue donor, the improvement which comprises using, as the 
enzyme preparation containing nucleoside phosphorylase, a preparation derived from the cells of a microorganism 
belonging to Bacillus Stearothermophilus and having high nucleoside phosphorylase activity per unit cell weight. 

In the present specification, "nucleosides 1 ' refer to nucleosides existing in nature such as uridine, thymidine, cyti- 
dine, adenosine and guanosine, and also include various nucleoside analogs. 

25 Also, the present invention concerns the above-mentioned enzyme preparation itself, the novel microorganism to 

be used for preparation of said enzyme preparation, and the novel nucleoside phosphorylase prepared from said 
microorganism which can be used for the production of nucleosides. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

Fig. 1 is a graph indicating the optimum pH and the stable pH range of the purine nucleoside phosphorylase of 
the present invention. 

Fig. 2 is a graph indicating the optimum temperature and the stable temperature range of the purine nucleoside 
phosphorylase of the present invention. 
35 Fig. 3 is a graph indicating the optimum pH and the stable pH range of the pyrimidine nucleoside phosphorylase 

of the present invention. 

Fig. 4 is a graph indicating the optimum temperature and the stable temperature range of the pyrimidine nucleoside 
phosphorylase of the present invention. 

Fig. 5 is a graph indicating a comparison of the formation ratio of 1-P-D-ribofuranosyl-1,2,4-triazole-3-carboxamide 
40 (ribavirin) relative to the reaction time when ribavirin is produced by the use of the cells of Bacillus stearothermophilus 
TH6-2 or Brevibacterium acetylicum AT-6-7 as an enzyme source. 

BEST MODE FOR PRACTICING THE INVENTION 

45 I. Enzyme preparation containing nucleoside phosphorylase 

The "enzyme preparation containing nucleoside phosphorylase" of the present invention (hereinafter called "en- 
zyme preparation") refers to a preparation containing at least one, preferably both, of purine nucleoside phosphorylase 
and pyrimidine nucleoside phosphorylase. 
50 The "the degree of enzyme purity" means the proportion of the enzyme protein amount in the total protein amount. 

The enzyme preparation of the present invention can be prepared from a microorganism having high nucleoside 
phosphorylase activity per unit cell weight (hereinafter called "the microorganism of the present invention") belonging 
to Bacillus Stearothermophilus. 

As nucleoside phosphorylase activities for selection of the microorganism , for example, the following values may 
55 be mentioned as a measure: 

purine nucleoside phosphorylase 

10 or more U/g-wet cells, preferably 12 or more U/g-wet cells 
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pyrimidine nucleoside phosphorylase 

10 or more U/g-wet cells, preferably 15 or more U/g-wet cells 

The microorganism which satisfies one of these two conditions can be used as a preparation source for the enzyme 
s preparation to be used in the process of the present invention, and the microorganism which satisfies the above two 
conditions at the same time is preferable as a preparation source for the enzyme preparation. 

A specific microorganism satisfying such conditions is Bacillus stearothermophiius TH6-2 ( a strain isolated from 
soil on the grounds of Yamasa Shoyu K.K.). The bacteriological characteristics of the TH6-2 strain are shown below 

10 Bacteriological characteristics of TH6-2: 

(A) Morphological Characteristics 

(1 ) Shape and size of cell: Short rod, 0.6-1 .1 x 2-7 u.m 
15 (2) Formation of spores: Positive 

(3) Swelling of sporangium: Positive 

(4) Site and size of spores within cell: At the terminal or the center; 0.8 X 0.8-1 .0 um 

(5) Gram staining: Gram variable (Gram -positive in the initial stage of cultivation) 

^0 (B) Cultural Characteristics on Various Culture Media 

(1) Broth agar (Bouillon-agar) slant medium: Abundant growth, smooth surface, opaque, no medium change 

(2) Broth agar (Bouillon-agar) plate medium: Circular colony formation, thinly spread, exhibiting viscous prop- 
erty, opaque, wavy at the brim 

25 (3) Litmus-milk medium: No growth 

(C) Physiological Properties 

(I ) Growth in the presence of oxygen: Grown 
so (2) Growth in the absence of oxygen: Not grown 

(3) Catalase: Positive 

(4) V-P test: Negative 

(5) Methyl red test (pH in V-P broth): < pH 6 

(6) Hydrolysis: 

35 Casein: Negative 

Gelatin: Positive 
Starch: Positive 

(7) Utilization of citric acid: Positive 

(8) Reduction of nitrate: Positive 
40 (9) Formation of indole: Negative 

(10) Requirement of sodium chloride or potassium chloride: Negative 

(II) Formation of acids from saccharides: 

Positive: glucose, arabinose, xylose, fructose, maltose 
45 Negative: starch, glycerol, sucrose, raffinose 

(12) Growth at respective pH's: 

Grown at pH 6.8, not at pH 5.7 

(1 3) Growth in the presence of sodium chloride: 
50 in the presence of 2% NaCI: Grown 

in the presence of 5% NaCI: Not grown 

(14) Growth range: 
Growth pH range: 6.5 to 9.0 

Growth temperature range: 35 to 65°C 
55 (15) Growth in the presence of glucose: 

Not grown in the presence of 0.5% or more of glucose 

By referring these bacteriological characteristics to the classification standards of Bergey's Manual of Systematic 
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Bacteriology (Eighth Edition), the above microorganism was found to belong to Bacillus stearothermophilus and des- 
ignated as Bacillus stearothermophilus TH6-2. 

TH6-2 has been deposited with the Fermentation Research Institute, Agency of Industrial Science and Technology 
in conformity with the Budapest treaty, and has been given FERM BP-2758 as the deposition number. This international 

5 deposition was based on the transference made on February 16, 1990 from FERM P-10526 deposited domestically 
at the above depository on February 4, 1 989. 

TH6-2 belongs to Bacillus stearothermophilus and can be distinguished clearly from known microorganisms in 
having very high nucleoside phosphorylase activity per unit cell weight and containing substantially no nucleosidase. 
For example, the comparison test of pyrimidine nucleoside phosphorylase and purine nucleoside phosphorylase ac- 

io tivities per unit cell weight among known Bacillus stearothermophilus microorganisms stored at American Type Culture 
Collection (ATCC) and the above microorganism of the present invention gave the results as shown in Table 1. From 
Table 1 , it can be seen that the nucleoside phosphorylase activities per unit cell weight of TH6-2 are higher by a little 
less than 2-fold for purine nucleoside phosphorylase activity and by a little more than 6-fold for pyrimidine nucleoside 
phosphorylase activity as compared with the enzyme activities exhibited by the strains known in the art. Specifically, 

is the present microorganism was found to exhibit purine nucleoside phosphorylase activity and pyrimidine nucleoside 
phosphorylase activity per unit cell weight of 13 - 15 U/g-wet cells and 20 - 22 U/g-wet cells, respectively. 



Table 1 



Microorganism 


Purine Nucleoside Phosphorylase 
Activity (U/g-wet cells) 


Pyrimidine Nucleoside 
Phosphorylase Activity (U/g-wet 
cells) 


Microorganism of the present 


14.2 


20.8 


invention (TH-6-2) 






ATCC 8005 ! 


2.3 


1.4 


ATCC 10149 


5.4 


0.8 


ATCC 12016 


2.6 


1.4 


ATCC 12976 


2.3 


0.4 


ATCC 12978 


2.8 


0.8 


ATCC 12980 


4.5 


0.4 


ATCC 15952 


1.2 


0.8 


ATCC 21365 


8.7 


3.4 


ATCC 29609 


3.4 


0.4 



Thus, the microorganism of the present invention was found to satisfy sufficiently the selection standards of nucl- 
eoside phosphorylase activity as described above and be useful as a preparation source of the enzyme preparation 
to be used for the production of nucleosides. 

For verifying this fact, ribavirin was produced and the formation ratio of the objective compound was compared 
among the present microorganism and known strains. As a result, as shown in Table 2, while formation ratios were 
90% or more when the microorganism of the present invention was employed, the formation ratio of known microor- 
ganisms was only 40% at the highest, whereby was confirmed that the microorganism of the present invention is 
extremely useful as an enzyme source for the production of nucleosides. 



45 




Table 2 




Microorganism 


Formation Ratio of Ribavirin (%) <Ratio Relative to 
1 ,2,4-Triazole-3-Carboxamide> 


50 


Microorganism of the present invention (TH-6-2) 


95.0 




ATCC 7953 


3.8 




ATCC 8005 


30.3 




ATCC 10149 


11.7 


55 


ATCC 12016 


44.4 




ATCC 12976 


8.0 



Continuation of the Table on the next page 
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Table 2 (continued) 



Microorganism 


Formation Ratio of Ribavirin (%) <Ratio Relative to 
1 ,2,4-Triazole-3-Carboxamide> 


ATCC 12978 


43.5 


ATCC 12980 


0 


ATCC 15952 


39.0 


ATCC 21365 


37.6 


ATCC 29609 


4.1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



In the comparison test as described above, the cells of microorganism were prepared in the same manner as in 
Example 1 described below, and purine nucleoside phosphorylase activity and pyrimidine nucleoside phosphorylase 
activity were assayed according to the methods as also described below. On the other hand, ribavirin was produced 
by adding 10 ml of a suspension of microorganism with equal cell weight (containing 200 mg as wet cells) to 10 ml of 
a substrate solution (aqueous solution of pH 6.0 containing 40 mM 1,2,4-triazole-3-carboxarnide, 60 mM uridine, 40 
mM potassium dihydrogenphosphate) and stirring the mixture at 50°C for 24 hours. After the above reaction, the re- 
action mixture was centrifuged, the supernatant was diluted to 50 to 100-fold, and this was subjected to the HPLC 
method (column: YMC A-312 (manufactured by Yamamura Kagaku Kenkyusho, K.K.), eluent: 0.15 M potassium dihy- 
drogenphosphate solution, detection: absorbance at 220 nm) for the measurement of the amount of ribavirin formed. 
The formation ratio was determined from the following formula: 

Concentration of ribavirin formed (M) 



Formation ratio (%) = - 



X 100 



Concentration of 1 ,2,4-triazole-3-carboxamide used (M) 
The enzyme preparation of the present invention can be prepared by culturing the microorganism of the present 
invention and processing suitably the microorganism cells obtained by the cultivation according to a use mode corre- 
sponding to use purpose. 

As a medium for culturing the microorganism, those containing appropriate amounts of carbon sources and nitrogen 
sources assimilable by the microorganism, and containing also, if necessary, metal salts, trace amount growth pro- 
moting substances, defoaming agents, etc. added therein are employed. More specifically, examples of the medium 
components are saccharides (glucose, saccharose, etc.), natural carbohydrates (molasses, waste molasses, starch, 
wheat, bran, rice, etc.), alcohols, fatty acids, hydrocarbons, etc., and as nitrogen sources, meat extract, yeast extract, 
soybean hydrolyzate, Casamino acid, various amino acids, urea, etc., as inorganic salts, phosphates, hydrochlorides 
and sulfates of metals such as zinc, iron, magnesium, sodium, calcium, potassium, etc., and as trace amount growth 
promoting substances, vitamin vitamin B 2 , pantothenic acid, and biotin. 

Cultivation is carried out according to a conventional liquid culture method (shaking culture, aeration stirring culture, 
stationary culture, continuous culture, etc.). 

The cultural conditions depend on the microorganism and the culture medium employed, and thus cannot be 
specified. Generally, the pH at the initiation of culture is adjusted to 6.5 to 9.0, and cultivation is carried out until the 
desired enzyme activity can be amply obtained under the temperature condition of about 35 to 65°C, specifically for 
about 5 to 50 hours. 

The mode of the enzyme preparation prepared by the use of the culture broth containing viable microorganisms 
thus obtained (hereinafter called cultured product) is not particularly limited, but, for example, the cultured product itself 
of the microorganisms, the viable microorganism cells separated from the cultured product by a conventional separation 
method (centrif ugation, precipitation, agglutination, washing, etc.), or the treated product of the cells may be mentioned. 

Further specific examples of the treated product of viable cells are the destroyed products of viable cells and the 
viable organisms with the cell walls and/or the cell membranes having been denatured obtained by treatment of the 
viable cells by the treatment methods used in general such as mechanical destruction (by Waring blender, French 
press, homogenizer, crucible, etc.), freezing and thawing, drying (freeze drying, air drying, acetone drying, etc.), au- 
tolysis (by solvent treatment with toluene, ethyl acetate, etc.), enzyme treatment (by cell wall dissolving enzyme such 
as lysozyme), sonication, osmotic pressure shockand chemical treatment (with solution of salts, acidic solution, alkaline 
solution, surfactant, chelating agent, etc.); or crude enzyme or purified enzyme obtained by fractionating the fractions 
having enzyme activity and further treating the extracted fractions, if necessary, according to the general enzyme 
purification methods (salting out, isoelectric point precipitation, organic solvent precipitation, various chromatographies, 
dialysis) to fractionate the fractions having the desired enzyme activity of the present invention. 

Such a cultured product, viable microorganism cells and treated product may be used in the free state without 
applying immobilization treatment thereto, or may be used as an immobilized product obtained by an immobilization 
treatment such as entrapping, crosslinking or adsorption. 

A specific example of the purified enzyme which is one form of the treated product of cells is the nucleoside 
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phosphorylase obtained by extraction/purification from Bacillus stearothermophilus TH6-2, the microorganism of the 
present invention having enzymological properties as described below. 

(A) Purine nucleoside phosphorylase 

5 

(1) Action 

Purine Nucleoside + Phosphoric Acid ±; Purine Base + Pentose 1 -Phosphate 
The purine nucleoside phosphorylase of the present invention catalyzes the above phosphorolysis. For this reason, 
10 jt belongs to the International Enzyme Classification E.C.2.4.2.1 . 

(2) Substrate specificity 

The results of phosphorolysis of various purine nucleoside substrates are shown in Table 3. 

15 

Table 3 



Substrate 


Amount of Base Formed (u.mol/10 min.) 


Relative Activity (%) 


Adenosine 


0.15 


5 


2'-Deoxyadenosine 


0 


0 


3'-Deoxyadenosine 


0 


0 


Arabinofuranosyladenine 


0 


0 


Inosine 


2.55 


100 


2'-Deoxyinosine 


2.54 


100 


3'-Deoxyinosine 


0 


0 


Guanosine 


2.15 


84 


2'-Deoxyguanosine 


2.18 


85 



30 From Table 3, it can be seen that the purine nucleoside phosphorylase of the present invention is specific for 

inosine, 2'-deoxyinosine, guanosine and 2'-deoxyguanosine within the range tested. 

(3) Optimum pH and pH stability 

3 5 The optimum pH is pH 7 to 8, and the stable pH range is pH 5 to 9 (see Fig. 1 ). 

(4) Optimum temperature and temperature stability 

The optimum temperature is 60 to 80°C, and the stable temperature range is up to 60°C (see Fig. 2). 

40 

(5) Molecular weight 

The molecular weight measured by SDS-polyacrylamide gel electrophoresis is about 45,000. 
45 (6) Titre (specific activity) 

At 80% of enzyme purity, the specific activity of 400 or more (U/mg) is exhibited, and at 90% of enzyme purity, 450 
(U/mg). 

50 (B) Pyrimidine nucleoside phosphorylase 
(1) Action 

Pyrimidine Nucleoside + Phosphoric Acid ±* Pyrimidine Base + Pentose 1 -Phosphate 
55 The pyrimidine nucleoside phosphorylase of the present invention catalyzes the above phosphorolysis. For this 

reason, it belongs to the International Enzyme Classification E.C.2. 4.2.2. 
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(2) Substrate specificity 

The results of phosphorolysis of various pyrimidine nucleoside substrates are shown in Table 4. 



Table 4 



Substrate 


Amount of Base Formed (jimol/10 min.) 


Relative Activity (%) 


Uridine 


1.73 


68 


2-Deoxyuridine 


2.55 


100 


Arabinofuranosyluracil 


0 


0 


Pseudouridine 


0 


0 


Cyclouridine 


0 


0 


Cytidine 


0 


0 


2'-Deoxycytidine 


0 


0 


Ribofuranosylthymine 


0.96 


38 


Thymidine 


1.71 


67 



From Table 4, it can be seen that the pyrimidine nucleoside phosphorylase of the present invention is specific for 
uridine, 2'-deoxyuridine, ribofuranosylthymine, thymidine within the range tested. 

(3) Optimum pH and pH stability 

The optimum pH is pH 7 to 9, and the stable pH range is pH 5 to 9 (see Fig. 3). 

(4) Optimum temperature and temperature stability 

The optimum temperature is 60 to 70°C, and the stable temperature range is up to 60°C (see Fig. 4). 

(5) Molecular weight 

The molecular weight measured by SDS-polyacrylamide gel electrophoresis is about 31,000. 

(6) Titre (specific activity) 

At 80% of enzyme purity, the specific activity of 250 or more (U/mg) is exhibited, and at 90% of enzyme purity, 297 
(U/mg). 

The above enzymatic properties were assayed according to the methods described below. 
1 . Assay of activity: 

Purine nucleoside phosphorylase activity 

Into 1.0 ml of a substrate solution (aqueous solution of pH 8.0 containing 20 mM inosine and 0.1 M potassium 
dihydrogenphosphate) is added 20 \x£ of an enzyme solution (50 mM acetate buffer (pH 6.0) containing 1 |ig of purified 
enzyme), and the reaction is carried out at 50°C for 10 minutes. Then the reaction is stopped by addition of HCI to a 
final concentration of 0.1 N, and also cooling at 0°C for 10 minutes. Next, the reaction is subjected to centrifugation, 
and the supernatant obtained is then subjected to the HPLC method (column: YMC A-31 2 (manufactured by Yamamura 
Kagaku Kenkyusho, K.K.), eluent: 20 mM Tris-HCI buffer (pH 7.5) containing 5.0% acetonitrile, detection: 260 nm) to 
quantitate the hypoxanthine formed. The enzyme amount forming 1 umol of hypoxanthine per one minute is defined 
as one unit ("U"). 

Pyrimidine nucleoside phosphorylase activity 

Except for using uridine in place of inosine in the substrate solution and quantitating uracil according to the HPLC 
method, the same method as in the above-described assay of purine nucleoside phosphorylase activity is conducted. 
The amount of enzyme forming 1 |imol of uracil per one minute is defined as one unit. 
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2. Substrate specificity: 

By the use of an aqueous solution of pH 8.0 containing 10 mM of a nucleoside and 50 mM of potassium dihydro- 
genphosphate as a substrate solution, the reaction is carried out at 50°C for 10 minutes, and after the reaction, except 
5 for quantitating the base of the nucleoside according to the HPLC method, the same method as in the assay of purine 
nucleoside phosphorylase activity is conducted. 

3. Optimum pH: 

10 The same method as in the assay of purine nucleoside phosphorylase activity is conducted except for using a 

substrate solution prepared by dissolving a nucleoside (20 mM inosine or uridine) and 0.1 M potassium dihydrogen- 
phosphate, and adjusting to pH 4 to 10 with a diluted aqueous solution of hydrochloric acid or sodium hydroxide. 

4. - Stable pH: 

15 

Except for using an enzyme solution incubated in a 0.2 M acetate buffer (pH 3.5 to 6) and a Tris-HCI buffer (pH 7 
to 9) at 37°C for 16 hours, the same method as in the assay of either purine nucleoside phosphorylase activity or 
pyrimidine nucleoside phosphorylase activity is conducted. 

20 5. Optimum temperature: 

Except for carrying out the reaction at the respective temperatures of 30 to 80°C, the same method as in the assay 
of either purine nucleoside phosphorylase activity or pyrimidine nucleoside phosphorylase activity is conducted. 

25 6. Stable temperature range: 

Except for using an enzyme solution heated at 30 to 80°C for 15 minutes, the same method as in the assay of 
either purine nucleoside phosphorylase activity or pyrimidine nucleoside phsophorylase activity is conducted. 

The characteristics of the enzyme obtained from the microorganism of the present invention as described above 
30 is that it has optimum temperature and stable temperature ranges at relatively higher temperatures and also has a 
markedly high specific activity. Therefore, by the use of a preparation containing an enzyme having such characteristics 
for the production of nucleosides, the amount of the enzyme preparation to be used for the reaction can be made small, 
whereby the nucleosides can be prepared with good yield by the use of a small amount of enzyme. Further, since the 
reaction can be carried out at a relatively higher temperature (45°C or higher), contamination with bacteria can be also 
35 prevented. 

II. Production of nucleosides 

The production of nucleosides by the use of the enzyme preparation as described above can be practiced by 
40 carrying out in a reactor the contact reaction of a base donor, a saccharide residue donor and a phosphoric acid donor 
as described below with the enzyme preparation. 

(1) Base donor 

45 The base donor to be used in the process of the present invention is a compound which can supply a base into 

the reaction system. The base donor to be used is selected according to the objective nucleoside, examples being 
heterocyclic bases and derivatives thereof capable of forming an N-glycoside bond with the saccharide moiety of the 
saccharide residue donor through the action of nucleoside phosphorylase. Specific examples of heterocyclic bases 
are purine and derivatives thereof, pyrimidine and derivatives thereof, triazole and derivatives thereof, imidazole and 

so derivatives thereof, deazapurine and derivatives thereof, azapyrimidine and derivatives, or pyridine and derivatives 
thereof. As the base donor, heterocyclic bases themselves as a matter of course, and also nucleosides and nucleotides 
having said heterocyclic bases may be employed. 

Specifically, examples are purine derivatives having substituents at 1 or more positions of the 1 -position, 2-position, 
6-position or 8-position of the purine base (e.g., amino group, substituted amino group, hydroxyl group, oxo group, 

55 mercapto group, acyl group, alkyl group, substituted alkyl group, alkoxyl group and halogen atom), such as adenine, 
guanine, hypoxanthine, xanthine, 6-mercaptopurine, 6-thioguanine, N 6 -alkyl or acyladenine, 2-alkoxyadenine, 2-thio- 
adenine and 2,6-diaminopurine; pyrimidine derivatives having the same substituents as mentioned above at 1 of more 
positions of the 2-position, 4-position or 5-position of pyrimidine, such as- cytosine, uracil, thymine, 5-halogenouracil 
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(5-fluorouracil and 5-iodouracil), 5-halogenocytosine (5-fluorocytosine), 5-trihalogenomethy!uracil (5-trifluoromethylu- 
racil), 2-thiocytosine, 4-thiouracil, N 4 -acylcytosine and 5-ha!ogenovinyluracil; 1 ,2,4-triazole derivatives having a sub- 
stituent at the 3-position of 1,2,4-triazole, such as 1,2,4-triazole-3-carboxamide, 1 ,2,4-triazole-3-carboxylic acid and 
1 ,2,4-triazole-3-carboxylic acid alkyi ester; imidazole derivatives having substituents at the 4-position or 5-position of 

s imidazole, such as 5-amino-imidazole-4-carboxamide, 4-carbamoyl-imidazolium-5-oleate and be nz imidazole; deaza- 
purine derivatives at the 1 -position, 3-position or 7-position of purine, such as 1 -deazadenine, 3-deazadenine, 3-dea- 
zaguanine, 7-deazadenine, 7-deazaguanine, or compounds having the same substitutes as in the above-mentioned 
purine derivatives; azapurine derivatives such as 8-azadenine and 7-deaza-8-azahypoxanthine (allopurinol); azapyri- 
midine derivatives such as 5-azathymine, 5-azacytosine and 6-azauracil; pyridine derivatives such as 3-deazauracil, 

io nicotinic acid and nicotinic acid amide. 

(2) Saccharide residue donor 

The saccharide residue donor is for supplying a saccharide residue into the reaction system. That is, the saccharide 
is residue donor is selected according to the objective nucleoside, and ribose compounds and deoxyribose compounds 
capable of forming an IM-glycosidic bond with the base moiety of the base donor through the action of nucleoside 
phosphorylase are examples. Examples of ribose compounds are ribonucleosides such as inosine, guanosine, uridine 
and ribofuranosylthymine, and ribose 1 -phosphate, while examples of deoxyribose compound are deoxynucleosides 
such as2'-deoxyinosine, 2'-deoxyguanosine, 2'-deoxyuridine, thymidine, 2',3 , -dideoxyinosine, 2',3'-dideoxyguanosine, 
20 2 , ,3'-dideoxyuridine and 3'-deoxythymidine, and 2-deoxyribose 1 -phosphate and 2,3-dideoxyribose 1 -phosphate. 

When as an enzyme preparation, a preparation other than a purified enzyme is to be used, in addition to the 
saccharide residue donor mentioned above, ribose compounds such as adenosine, cytidine and xanthosine, and de- 
oxyribose compounds such as 2'-deoxyadenosine, 2'-deoxycytidine and 2'-deoxyxanthosine can be further used. 

25 (3) Phosphoric acid donor 

As the phosphoric acid donor, any compound dissociable into phosphate ions in the reaction mixture may be used. 
For example, free phosphoric acid or phosphates (e.g., alkali metal salts such as sodium and potassium, and ammo- 
nium salts) are preferably used. Also, as the phosphoric acid donor, a system capable of liberating phosphate ions in 
30 the reaction mixture, for example, combinations of various phosphoric acid ester derivatives and phosphatase, com- 
binations of nucleotides and nucleotidase can also be utilized. 

(4) Reaction conditions 

35 As the reaction mixture, a mixture containing a base donor, a saccharide residue donor and a phosphoric acid 

donor dissolved or suspended in water or a buffer is employed. By bringing the reaction mixture into contact with the 
enzyme preparation as described above, the nucleoside corresponding to the base donor employed is produced en- 
zymatically. 

The concentrations of the base donor, the saccharide residue donor and the phosphoric acid donor employed are 
40 suitably selected from the range of 0.1 to 500 mM. 

The reaction generally proceeds well at a temperature ranging from 35 to 80°C, but particularly a reaction tem- 
perature of about 40 to 70°C is preferred. If the reaction temperature is 35°C or less, the reaction rate is slow and 
gives rise to poor reaction efficiency. On the other hand, at a reaction temperature of 80°C or higher, there is the risk 
of the nucleoside phosphorylase activity being lowered. 
45 The pH of the reaction mixture is generally maintained in the range of pH 5 to 10, preferably pH 5 to 9. When the 

pH changes during the reaction, it may be corrected to a preferable pH range by the use of an acid or an alkali. 

After the reaction, the reaction mixture is separated from the enzyme preparation and subjected to the separa- 
tion/purification step of the objective nucleoside. 

The nucleoside thus formed can be separated and purified according to a known method or its modified method. 
50 For example, various chromatographies such as ion exchange chromatography, adsorption chromatography, partition 
chromatography and gel filtration; the methods utilizing partition between two liquid phases such as countercurrent 
distribution and countercurrent extraction; and the methods utilizing difference in solubility such as concentration, cool- 
ing and organic solvent addition, either alone or in a suitable combination thereof can be used. 

55 Examples 

The present invention will now be described in specific detail with respect to the following Examples and Compar- 
ative Examples. 
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Example 1 

Into 500 ml of a sterilized medium (pH 7.0) containing 0.5% of yeast extract (Difco), 1 .0% of peptone (Difco), 0.7% 
of meat extract (Difco) and 0.3% of sodium chloride was inoculated Bacillus stearothermophilus TH6-2 (FERM BP- 

5 2758), and shaking culture was carried out at 50°C for 18 hours. 

The culture broth obtained was centrifuged, and the microorganism cells were collected and washed, and the 
sterilized water was added to prepare 250 ml of a cell suspension. To each 1 0 ml of aliquot of the cell suspension was 
added 10 ml of a substrate solution (pH 6.0) containing a 40 mM base donor, a 40 mM saccharide residue donor and 
40 mM potassium dihydrogenphosphate, and the reaction was carried out under stirring at 40 to 60°C. 

10 After the reaction, the amounts of various nucleosides were assayed by high performance liquid chromatography 

(column: YMC A-312 (manufactured by Yamamura Kagaku Kenkyusho, K.K.), eluent: 20 mM Tris-HCI buffer (pH 7.5) 

containing 2.5 to 5% acetonitrile, detection: absorbance at 250 - 260 nm). 

, , D/X Concentration of nucleoside formed (M) v inn 

Formation ratio (%) = — : — . .:./ X 1 00 

v i Concentration of base donor used (M) 

15 The results are shown in Table 5. 
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Example 2 

By using a substrate solution (pH 6.0) containing 20 mM allopurinol as the base donor, 30 mM uridine as the 
saccharide residue donor and 75 mM potassium dihydrogenphosphate, the reaction was carried out in the same manner 
as in Example 1 at 60°C tor 8 hours to produce a ribofuranosyl derivative of allopurinol in a yield of 95% (ratio relative 
to allopurinol). 

Example 3 

By using a 20 mM base donor (allopurinol, benzimidazole, 6-mercaptopurine, purine, 6-thioguanine), a 30 mM 
saccharide residue donor (uridine, 2'-deoxyuridine) and 30 mM potassium dihydrogenphosphate, the reaction was 
carried out in the same manner as in Example 1 at 50°C for 8 hours to produce ribofuranosyl derivatives or 2'<ieox- 
y ribofuranosyl derivatives bearing various base donors as the base. The results are shown in Table 6. 



Table 6 



Base Donor 


Saccharide Residue Donor 


Formation Ratio (%) (Ratio Relative to Base) 


Allopurinol 


Uridine 


80 


Allopurinol 


2'-Deoxyuridine 


97 


Benzimidazole 


Uridine 


75 


Benzimidazole 


2'-Deoxyuridine 


86 


6-Mercaptopurine 


Uridine 


50 


6-Mercaptopurine 


2'-Deoxyuridine 


43 


Purine 


Uridine 


94 , 


Purine 


2'-Deoxyuridine 


65 


6-Thioguanine 


Uridine 


9 


6-Thioguanine 


2'-Deoxyuridine 


65 



Example 4 

By using a substrate solution (pH 6.0) containing 40 mM 1 ,2,4-triazole-3-carboxamide (hereinafter called "triazole") 
as the base donor, 40 mM uridine, inosine, cytidine, adenosine or guanosine as the saccharide residue donor and 40 
mM potassium dihydrogenphosphate, ribavirin was produced in the same manner as in Example 1. The results are 
shown in Table 7. 



Table7 



Saccharide Residue Donor 


Reaction Conditions 


Formation Ratio (%) (Ratio Relative to Triazole) 


Temperature (°C) 


Time (hr) 


Uridine 


60 


4 


94.2 


Inosine 


67 


48 


83.6 


Cytidine 


50 


24 


92.9 


Adenosine 


67 


24 


72.7 


Guanosine 


67 


24 


98.4 



Concerning cytidine and adenosine, the nucleoside phosphorylase of the present invention does not recognize 
them as the substrate, and therefore it may be considered that they may be converted by co-existing deaminase to 
uridine and inosine, respectively, which are then utilized as the substrate. 



Example 5 

By using a substrate solution (pH 6.0) containing 40 mM triazole as the base donor, 60 mM inosine as the saccharide 
residue donor and 40 mM potassium dihydrogenphosphate, reactions were carried out in the same manner as in 
Example 1 at respective reaction temperature (40 to 70°C) for 24 hours to produce ribavirin. The results are shown in 
Table 8. 



13 



EP0 411 158 B1 



Table 8 



Reaction Temperature (°C) 


40 


50 


60 


63 


65 


67 


70 


Formation Ratio (%) (Ratio Relative to Triazole) 


37.0 


58.0 


71.7 


73.7 


76.0 


78.7 


77.9 



Example 6 

A culture product obtained in the same manner as in Example 1 was centrifuged to obtain viable cells. Next, 2.0 
io g of the viable cells were suspended in 1 .0 ml of a 0.1 M Tris-HCI buffer (pH 7.0), and the above cell suspension was 
added into a separately prepared resin solution containing 0.08 g benzoin ethyl ether as a photopolymerization initiator 
added into 8.0 g photocurable resin (ENT-2000: Kansai Paint K.K.). After thorough mixing, the mixture was cast onto 
a transparent film, which was irradiated with rays at around 360 nm simultaneously on both the front and back surfaces 
of the film for 3 minutes to obtain a photopolymer. 
75 From the immobilized product, a portion containing 0.2 g of cells was sampled, broken into pieces, and the above 

immobilized product was introduced into 10 ml of a substrate solution (pH 6.0) containing 40 mM triazole, 40 mM uridine 
and 60 mM potassium dihydrogenphosphate. Ribavirin was produced while stirring the mixture at 60°C for 8 hours. 

As a result of assay of the formation ratio according to the HPLC method as described above, the formation ratio 
of ribavirin relative to triazole was found to be 90%. 
20 Further, when the reaction was carried out repeatedly 10 times, the formation ratio of ribavirin was maintained at 

90% and no lowering in enzyme activity was observed. 

Example 7 

25 Into the cultured product obtained similarly as described in Example 1 were added triazole, uridine or inosine, and 

potassium dihydrogenphosphate each to the final concentration of 40 mM, and further shaking culture was carried out 
at 50°C (when using uridine) or 65°C (when using inosine) for 24 hours. After cultivation, the centrifuged supernatant 
was subjected to the assay of the formation ratio of ribavirin by the HPLC method, and consequently the formation 
ratio of ribavirin when using uridine was found to be 91.9% in terms of the ratio relative to triazole, and 65.9% when 

30 using inosine. 

Example 8 

Preparation of purified enzyme 

35 

Bacillus stearothermophilus TH6-2 was inoculated from a bouillon slant into a large test tube containing 10 ml of 
a medium adjusted to pH 7.2 containing 1.0% peptone, 0.7% meat bouillon, 0.5% yeast extract and 0.3% sodium 
chloride and cultured overnight at 50°C. The cultured product obtained was transferred into a flask of 300 ml volume 
containing 30 ml of a medium of the same composition and the same pH, cultured at 50°C for 8 hours, and by the use 

40 of the cultured product as the seed culture, the whole amount was added into a jar fermenter of 5-liter volume containing 
3 liters of the above-mentioned medium. Then cultivation was carried out under the conditions of 50°C, stirring speed 
of 350 r.p.m., and aeration of 1 .0 v.v.m. for 1 8 hours. From the culture broth thus obtained, about 30 g of wet cells were 
obtained, which were suspended in 1 .5 liters of a 50 mM Tris-HCI buffer (pH 7.2) containing 0. 1% Triton X-100 (Sigma) 
and 5 mM EDTA. 750 mg of lysozyme (Sigma) was added, and the mixture was incubated at 37°C for one hour. The 

45 lysis solution was centrifuged at 8,000 r.p.m., and the cell residue was removed. Thereafter the mixture was adjusted 
to pH 6.0 with the addition of 2N HC1 and subjected to a heat treatment at 50°C for 5 minutes, followed by centrif ugation 
at 8,000 r.p.m. to obtain a supernatant as the crude enzyme solution. 

The crude enzyme solution was fractionated according to salting out by using ammonium sulfate, and the protein 
precipitates at 40% to 90% saturation were dissolved in a 50 mM acetic acid-sodium acetate buffer (pH 6.0) and 

50 dialyzed overnight against a large amount of the same buffer. The internal solution obtained was centrifuged to remove 
the precipitates formed during dialysis. The supernatant was passed through a DEAE Toyopearl column (Toso K.K.) 
(2.2 X 60 cm) equilibrated with the above-mentioned acetate buffer (hereinafter referred to as buffer A), and the proteins 
adsorbed were eluted by the linear gradient method of 0 to 0.5M sodium chloride (by using buffer A), and the purine 
nucleoside phosphorylase fraction and the pyrimidine nucleoside phosphoryiase fraction were respectively recovered. 

55 The respective active fractions were dialyzed against buffer A and column chromatographed according to the same 
procedures as described above by the use of 20 ml of DEAE Toyopearl resin in a 25 ml volume syringe (Terumo K. 
K.), and the respective active fractions were recovered. Next, these active fractions were respectively subjected to gel 
filtration by the use of Toyopearl HW-55S (Toso K.K.) column (2.4 X 80 cm) equilibrated with buffer A to recover both 
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enzymes as substantially uniform purified preparations. 

The protein amounts, the total activities and the degree of enzyme purity of the active fractions during the purifi- 
cation process of the both enzymes are shown in Table 9. 

The degree of enzyme purity was determined according to the method in which the relative proportions of the 
5 respective bands were measured by measuring the electrophoresis pattern obtained by the SDS-polyacrylamide gel 
electrophoresis by means of a densitometer. 



70 



15 



20 



25 



30 



35 



40 



45 



50 



15 



EP0 411 158 B1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



to to 

•H -H 

*o to 

•H O 

e a) 

•H rH 
H O 

>. 3 
cu z 



QJ 
0) 
CO 
rH 
>1 
V4 
O 

cu 

CO 

o 

CU 



CO 



O 



>1 


cn 




vo 




B 


• 


• 


•H 


\ 




vo 


> 


D 




CM 



<d 



> 

AJ JJ 4J JD 
O O *H ^ 



C 0J 



I 



cu 



cd cu 

O Q 



.5 -u 



u § CP 

o g £ 

v-i 5 

CU ^ 



cn 

rH 

-Q 
id 
Eh 



CD 

*H to 

cn to 

O cd 

0) rH 

rH >1 

O Vl 

3 O 

CU 

to CO 

c o 

•H -C 

PU 



I 



I 



>. CP 
U TJ JJ 6 



rH I ^ 

CO -H >• ^ 

-U ij O 

o o "2 — 



<1) (U >i 

la U-l >i -H _ 

cn o n j-i *r 

to C 3 

a w o* 



5 ^ 

2 § CP 

o 2 5 



e 

re 

52 

c 
o 



o 

rrj 



55 



00 

cn 

rH 



in 

CN 
CN 



in 
cn 
M 



o 
o 

CO 
CO 



O 

vo 



oo 



o 
o 
in 

in 



o 
o 

CN 



co 



o 



0 © 



cn 

CN 



o 
vo 



CO 



rH 

vo 



CN 
CO 



vo 



o 
CO 



in 
vo 



o 


o 


o 


o 


o 


o 




o 


© 


o 




in 


CO 


o 


CO 




cn 


vo 


o 




cn 




vo 




CO 



CO 

cn 



0 © 



o 
o 



cn 





c 




o 




•H 




-U 


c c 


o 


O CJ 


(TJ — 


■h B 


M C 


4J -U> 


VU| O 


D crj 




rH CD 


a> jj 


O Vi 


-jj cd 


10 -U 


rd vj 

U-| 3 


Q) 4-> 


rH 4-> 


E CO 


3 cd 


p-i cd 


CO CO 


N JC 




c 


6 <*> 




3 o 


to 


•h cn 


to -p 


G 1 


ra u-i 


O o 


3 CO 




vt 




u 







>1 






x: 




a 






co 


cd 




VI 


M 




CP 


CP 




o 


o 






4J 




rd 








g 




o 


o 




u 


u 










o 


o 


cn 






in 


rH 


rH 


in >i 


V4 




1 J3 


m 


rd 




CD 


to 


K <d 


a 


a 




o 


o 


rH ai 


>i 




vi o 


o — 


o »c 


rd <J-J 


En JJ 


^ c 


cu cd 


CO 


o 


Qi £ 


W vi 


w a 


o o 


< «*H 


< to 


>1 VI 


W VM 


W CO 


O JZ 


Q — 


Q — 


^ o 



CP 


CP 




e 


o 


o 


00 


r- 


o 


r- 


vo 


CO 


0) 


CO 


•H 


•H 


OJ 


4J 


C 


c 




=J 


o 


o 


H 


E 




(d 


C 


c 


•H 


•H 


CD 


to 


4J 


JJ 


o 


o 


Vl 


u 


Du 


a 


rH 


rH 


cd 


<d 




4J 


o 


O 




EH 






rH 


CN 







16 



EP0 411 158 B1 



Comparative Example 1 

From each slant of Brevibacterium acetylicum AT-6-7 (ATCC 39311) and Bacillus stearothermophilus TH6-2, the 
microorganism was inoculated into a large test tube containing 10 ml of a medium (containing 1 % peptone, 0.7% meat 
extract, 0.3% sodium chloride, 0.5% yeast extract, pH 7.2), and respectively subjected to shaking culture at 28°C (in 
the case of AT-6-7) and at 50°C (in the case of TH6-2) for 1 8 hours, followed by centrifugal separation of the respective 
culture broths to separate the microorganism cells. After washing cells of the same wet weight were each suspended 
in 10 ml of deionized water. 

Into each of the cell suspensions was added 10 ml of a substrate solution containing 0.4 mM triazole, 0.4 mM 
uridine and 0.4 mM potassium dihydrogenphosphate (adjusted to pH 7.0 in the case of AT-6-7, pH 6.0 in the case of 
TH6-2), and the reaction was carried out under stirring in a closed system at 45°C or 65°C. Sampling was performed 
periodically to measure the formation ratio of ribavirin according to the HPLC method as described above. 

The results are shown in Fig. 5. As is apparent from Fig. 5, when the enzyme preparation prepared from the 
microorganism of the present invention is used, it has been found that the objective compound can be produced in an 
even shorter time than AT-6-7 which was an extremely excellent enzyme preparation source, and the amount of the 
enzyme preparation used can be made smaller. 

As described above, the enzyme preparation containing the nucleoside phosphorylase of the present invention 
contains a large amount of nucleoside phosphorylase having high specific activity and heat resistance, is derived from 
the cells of the microorganism Bacillus Stearothermophilus having high nucleoside phosphorylase activity per unit cell 
weight, and by the use of such enzyme preparation for the production of nucleosides, a very useful method which has 
the following specific features and is rich in practical applicability can be provided. 

(1) A large amount of nucleoside phosphorylase with high specific activity is contained in the enzyme preparation, 
and when it is employed in the production of nucleosides, nucleosides can be produced in a good yield with a 
small amount of the enzyme. 

(2) Nucleoside phosphorylase with optimum temperature and stable temperature ranges in a relatively higher 
temperature region is contained in the enzyme preparation. For this reason, the reaction can be carried out at a 
high temperature, whereby deactivation of the enzyme, decomposition of the reaction product, etc. due to con- 
tamination with bacteria can be suppressed. 

(3) A preparation containing both enzymes of purine nucleoside phosphorylase and pyrimidine nucleoside phos- 
phorylase as the nucleoside phosphorylase can also be obtained. By the use of such preparation for the nucleoside 
production, for example, the two enzymes will act concomitantly as shown in the reaction scheme shown below, 
whereby nucleosides can be produced at a rate of 2-fold or more as compared with the enzyme preparation con- 
taining only one nucleoside phosphorylase. 
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(Purine nucleoside phosphorylase) 



Saccharide residue 
donor (purine nucleo- 
side) 




Saccharide moiety of 
saccharide residue 
donor 



Purine base 



(Pyr imidine nucleoside 
phosphorylase ) 



Pyr imidine nucleoside 



Pyrimidine base 

Also, the microorganism of the present invention can grow at a relatively higher temperature, resulting in a rapid 
growth rate, and contains a large amount of the enzymes suitable for the nucleoside production as described above 
in the cells obtained by cultivation. Therefore it is extremely useful as an enzyme preparation or a preparation source 
therefor to be used for the nucleoside production. 

Further, by the use of the cultured product of the microorganism as an enzyme preparation of the present invention, 
autolysis of the cells can be prevented. 

Also, the nucleoside phosphorylase obtained by the microorganism of the present invention as described above 
has specific features of high specific activity and optimum temperature and stable temperature ranges in a relatively 
higher temperature region, and therefore can be clearly distinguished from the known nucleoside phosphorylases. 
Also, by using such an enzyme for the production of nucleosides, the effects (1) and (2) as described above can be 
obtained. In addition, by using both of the enzymes of purine nucleoside phosphorylase and pyrimidine phosphorylase 
of the present invention, the above effect (3) can be exhibited. 

UTILIZABILITY IN INDUSTRY 

The process for producing nucleosides of the present invention uses an enzyme preparation derived from the cells 
of the microorganism Bacillus Stearothermophilus containing a large amount of heat-resistant nucleoside phosphory- 
lase having high specific activity, and having high nucleoside phosphorylase activity per unit cell weight, as an enzyme 
source for the production of nucleosides, and is an extremely practical method which can produce objective nucleosides 
in a good yield with a small amount of the enzyme. 



1 . A process for producing nucleosides by carrying out the reaction of a base donor, a saccharide residue donor and 
a phosphoric acid donor by the use of an enzyme preparation containing nucleoside phosphorylase, thereby form- 
ing an N-glycosidic bond between the base moiety of the base donor and the saccharide moiety of the saccharide 
residue donor, which comprises using, as the enzyme preparation containing nucleoside phosphorylase, a prep- 
aration derived from the strain of Bacillus stearothermophilus having the accession number FERM BP-2758. 



Claims 
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2. The process for producing nucleosides according to claim 1 , which comprises using an enzyme preparation derived 
from the said strain of Bacillus stearothermophilus having a nucleoside phosphorylase activity per unit cell weight 
satisfying at least one of the following conditions: 

s (1 ) 1 0 or more U/g-wet cells of purine nucleoside phosphorylase activity; and 

(2) 10 or more U/g-wet cells of pyrimidine nucleoside phosphorylase activity. 

3. The process for producing nucleosides according to claim 1 , which comprises using an enzyme preparation derived 
from the said strain of Bacillus stearothermophilus having a nucleoside phosphorylase activity per unit cell weight 

10 satisfying at the same time the following conditions: 

(1) 10 or more U/g-wet cells of purine nucleoside phosphorylase activity; and 

(2) 10 or more U/g-wet cells of pyrimidine nucleoside phosphorylase activity 

15 4. The process for producing nucleosides according to any one of claims 1 , 2 or 3, wherein the form of the enzyme 
preparation is a cultured product of the said microorganism, viable cells of said microorganism, or a treated product 
of cells of said microorganism. 

5. The strain of Bacillus Stearothermophilus having the accession number FERM BP-2758. 

20 

6. Purine nucleoside phosphorylase having the following properties: 

(1) Temperature stability: stable even upon heating at 60 °C for 15 minutes; and 

(2) Specific activity: 400 or more (U/mg) at 80 % of enzyme purity; 

25 (3) an optimum pH-range between pH = 7 and pH = 8 and a stable pH-range between pH = 5 and pH = 9; 

and being obtainable by a process comprising extracting the enzyme from a culture of the strain of Bacillus Stearo- 
thermophilus having the accession number FERM BP-2758. 

30 7. Purine nucleoside phosphorylase having the following properties: 

(1 ) the optimum temperature range is 60 to 80 °C; 

(2) Specific Activity: 450 (U/mg) at 90 % of enzyme purity; 

(3) Specificity for inosine, 2'-deoxyinosine, guanosine and 2-deoxyguanosine; 

35 

and being obtainable by a process comprising extracting the enzyme from a culture of the strain of Bacillus Stearo- 
thermophilus having the accession number FERM BP-2758. 

Pyrimidine nucleoside phosphorylase having the following properties: 

(1) Temperature stability: stable even upon heating at 60 °C for 15 minutes; and 

(2) Specific activity: 250 or more (U/mg) at 80 % of enzyme purity; 

(3) an optimum pH-range between pH = 7 and pH = 9 and a stable pH-range between pH = 5 and pH = 9; 

45 and being obtainable by a process comprising extracting the enzyme from a culture of the strain of Bacillus Stearo- 

thermophilus having the accession number FERM BP-2758. 

9. Pyrimidine nucleoside phosphorylase having the following properties: 

so (1 ) the optimum temperature range is 60 to 70 °C; 

(2) Specific Activity: 297 (U/mg) at 90 % of enzyme purity; 

(3) Specificity for uridine, 2'-deoxy uridine, ribofuranosylthymine, and thymidine; 

and being obtainable by a process comprising extracting the enzyme from a culture of the strain of Bacillus Stearo- 
55 thermophilus having the accession number FERM BP-2758. 



8. 

40 
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Patentanspru h 

1 . Ein Verfahren zur Herstellung von Nukleosiden unter Durchfuhrung der Reaktion eines Basendonators, eines Sac- 
charidrestgruppendonators und eines Phosphorsauredonators unter Verwendung eines Enzympraparats, enthal- 
tend Nukleosidphos-pho rylase, wodurch eine N-Glycosidbindung zwischen dem Basenrest des Basendonators 
und dem Saccharidrest des Saccharidrestgruppendonators gebildet wird, welches die Verwendung eines Prapa- 
rats, das vom Stamm Bacillus stearothermophilus mit der Hinterlegungsnummer FERM BP-2758 erhalten worden 
ist, als Nukleosidphosphorylase enthaltendes Enzympraparat umfaOt. 

2. Das Verfahren zur Herstellung von Nukleosiden nach Anspruch 1 , welches die Verwendung eines Enzympraparats 
umfa3t, erhalten von dem genannten Stamm Bacillus stearothermophilus mit einer Nukleosidphosphorylaseakti- 
vitat je Gewichtseinheit an Zellmasse, die mindestens eine der folgenden Bedingungen erfullt: 

(1) 10 oder mehr E/g feuchte Zellen an Purinnukleosidphosphorylaseaktivitat; und 

(2) 10 oder mehr E/g feuchte Zellen an Pyrimidinnukleosidphosphorylaseaktivitat. 

3. Das Verfahren zur Herstellung von Nukleosiden nach Anspruch 1 , welches die Verwendung eines Enzympraparats 
umfaBt, abgeleitet von dem genannten Stamm Bacillus stearothermophilus mit einer Nukleosidphosphorylaseak- 
tivitat je Gewichtseinheit an Zellmasse, welche gleichzeitig die folgenden Bedingungen erfullt: 

(1) 10 oder mehr E/g feuchte Zellen an Purinnukleosidphosphorylaseaktivitat; und 

(2) 10 oder mehr E/g feuchte Zellen an Pyrimidinnukleosidphosphorylaseaktivitat. 

4. Das Verfahren zur Herstellung von Nukleosiden nach einem der Anspruche 1 ,2 oder 3, in welchem das Enzym- 
praparat in Form eines gezuchteten Produkts des genannten Mikroorganismus, in Form von lebensfahigen Zellen 
des genannten Mikroorganismus oder in Form eines behandelten Produkts von Zellen des genannten Mikroorga- 
nismus vorliegt. 

5. Der Stamm Bacillus stearothermophilus mit der Hinterlegungsnummer FERM BP-2758. 

6. Purinnukleosidphosphorylase mit den folgenden Merkmalen: 

(1) Temperaturstablitat: auch nach Erhitzen bei 60°C wahrend eines Zeitraums von 15 Minuten stabil; und 

(2) Spezifische Aktivitat: 400 oder mehr (E/mg) bei 80% Enzymreinheit; 

(3) ein optimaler pH-Bereich zwischen pH=7 und pH=8 und ein stabiler pH-Bereich zwischen pH=5 und pH=9; 

und durch ein Verfahren, umfassend das Extrahieren des Enzyms aus einer Kultur des Stammes Bacillus stearo- 
thermophilus mit der Hinterlegungsnummer FERM BP-2758, erhaltlich. 

7. Purinnukleosidphosphorylase mit den folgenden Merkmalen: 

(1) der optimale Temperaturbereich liegt zwischen 60 und 80°C: 

(2) die spezifische Aktivitat: 450 E/mg bei 90% Enzymreinheit; 

(3) Spezifitat f Or Inosin, 2'-Desoxyinosin, Guanosin und 2 , -Desoxyguanosin; 

welche durch ein Verfahren, umfassend das Extrahieren des Enzyms aus einer Kultur des Stammes Bacillus 
stearothermophilus mit der Hinterlegungsnummer FERM BP-2758, erhaltlich ist. 

8. Pyrimidinnukleosidphosphorylase mit den folgenden Merkmalen: 

(1) Temperaturstablitat: auch nach Erhitzen bei 60°C wahrend eines Zeitraums von 15 Minuten stabil; und 
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(2) Spezifische Aktivitat: 250 oder mehr (E/mg) bei 80% Enzymreinheit; 

(3) ein optimaler pH-Bereich zwischen pH=7 und pH=8 und ein stabiler pH-Bereich zwischen pH=5 und pH=9; 

5 und durch ein Verfahren, umfassend das Extrahieren des Enzyms aus einer Kultur des Stammes Bacillus stearo- 

thermophilus mit der Hinterlegungsnummer FERM BP-2758, erhaltlich. 

9. Pyrimidinnukleosidphosphorylase mit den folgenden Merkmalen: 

10 (1 ) der optimale Temperaturbereich liegt zwischen 60 und 70°C: 

(2) die spezifische Aktivitat: 297 E/mg bei 90% Enzymreinheit; 

(3) Spezifitatfur Uridin, Z-Desoxyuridin, Ribofuranosylthymin undThymidin; 

15 

und durch ein Verfahren, umfassend das Extrahieren des Enzyms aus einer Kultur des Stammes Bacillus stearo- 
thermophilus mit der Hinterlegungsnummer FERM BP-2758, erhaltlich. 

20 Revendications 

1. Un procede de production de nucleosides par execution de la reaction d'un donneur de base, d'un donneur de 
residu de saccharide et d'un donneur d'acide phosphorique en utilisant une preparation enzymatique contenant 
une nucleoside-phosphorylase, pour former ainsi une liaison N-glycosidique entre le fragment base du donneur 

25 de base et le fragment saccharide du donneur de residu de saccharide, qui comprend ('utilisation, a titre de la 

preparation enzymatique contenant une nucleoside-phosphorylase, d'une preparation derivee de la souche de 
Bacillus stearothermophilus ayant le numero de depot FERM BP-2758. 

2. Le procede de production de nucleosides selon la revendication 1, qui comprend I'utilisation d'une preparation 
30 enzymatique derivee de ladite souche de Bacillus stearothermophilus ayant une activite de nucleoside-phospho- 
rylase par unite ponderale de cellules satisfaisant a Tune au moins des conditions suivantes : 

(1) au moins 10 U/g de cellules fraiches d'activite de nucleoside purique-phosphorylase ; et 

(2) au moins 10 U/g de cellules fraiches d'activite de nucleoside pyrimidique-phosphorylase. 

35 

3. Le procede de production de nucleosides selon la revendication 1, qui comprend I'utilisation d'une preparation 
enzymatique derivee de ladite souche de Bacillus stearothermophilus ayant une activite de nucleoside-phospho- 
rylase par unite ponderale de cellules satisfaisant simultanement aux conditions suivantes : 

40 (1) au moins 10 U/g de cellules fraiches d'activite de nucleoside purique-phosphorylase ; et 

(2) au moins 10 U/g de cellules fraiches d'activite de nucleoside pyrimidique-phosphorylase. 

4. Le procede de production de nucleosides selon I'une quelconque des revendications 1 , 2 ou 3, dans lequel la 
forme de la preparation enzymatique est un produit de culture dudit microorganisme, des cellules viables dudit 

45 microorganisme ou un produit traite de cellules dudit microorganisme. 

5. La souche de Bacillus stearothermophilus ayant le numero de depot FERM BP-2758. 

6. Nucleoside purique-phosphorylase ayant les proprietes suivantes : 

50 

(1) stabilite a la temperature : stable meme par chauffage a 60°C pendant 15 minutes ; et 

(2) activite specifique : 400 ou plus (U/mg) a 80 % de purete d'enzyme ; 

(3) un intervalle de pH optimal entre pH = 7 et pH = 8 et un intervalle de pH de stabilite entre pH = 5 et pH = 9 ; 

ss et pouvant etre obtenue par un procede consistant a extraire I'enzyme d'une culture de la souche de Bacillus 

stearothermophilus ayant le numero de depot FERM BP-2758. 

7. Nucleoside purique-phosphorylase ayant les proprietes suivantes : 
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(1) Tintervalle de temperature optimale est de 60 a 80°C ; 

(2) activite specifique : 450 U/mg a 90 % de purete d'enzyme ; 

(3) specificite envers I'inosine, la 2'-desoxyinosine, la guanosine et la 2'-desoxyguanosine ; 

et pouvant etre obtenue par un procede consistant a extraire I'enzyme d'une culture de la souche de Bacillus 
stearothermophilus ayant le numero de depot FERM BP-2758. 

8. Nucleoside pyrimidique-phosphorylase ayant les proprietes suivantes : 

(1) stabilite a la temperature : stable meme par chauffage a 60°C pendant 15 minutes ; et 

(2) activite specifique : 250 ou plus (U/mg) a 80 % de purete d'enzyme ; 

(3) un intervalle de pH optimal entre pH = 7 et pH = 9 et un intervalle de pH de stabilite" entre pH = 5 et pH = 9 ; 

et pouvant etre obtenue par un procede consistant a extraire I'enzyme d'une culture de la souche de Bacillus 
stearothermophilus ayant le numero de depot FERM BP-2758. 

9. Nucleoside pyrimidique-phosphorylase ayant les proprietes suivantes : 

(1) Tintervalle de temperature optimale est de 60 a 70°C ; 

(2) activite specifique : 297 U/mg a 90 % de purete d'enzyme ; 

(3) specificite envers I'uridine, la 2'-desoxyuridine, la ribofurannosylthymine et la thymidine ; 

et pouvant etre obtenue par un procede consistant a extraire I'enzyme d'une culture de la souche de Bacillus 
stearothermophilus ayant le numero de depot FERM BP-2758. 
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